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DEMONSTRATION APPARATUS 


For Lectures For Student 


Culeae COMPLETE 


HE GRINNELL CONDUCTIVITY APPARATUS is a com- 

bination bulb and ammeter unit with fixed, PROTECTED, 
platinum electrodes ... with side arms for identification of 
gases evolved. Stand is cast aluminum in black crystalline 
finish . . . a permanent piece. 

For Lectures, the light is used. Or, with Universal In- 
dicator in the electrolyte, the color change at the electrodes is 
particularly effective ...salmon at one and purple at the 
other. 

For individual or small group use, difference in conduc- 
tivity is measured on the Ammeter; resistances may be de- 
termined roughly, using Ohm's law. Student work is either 
with 110 Volts D.C. or batteries. 

LBcrure Outline and Student Experiments, by Dr. Leo P. 

Sherman and W. C. Oehlke, is included, with cord and 
plug at $13.50. 
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General Chemistry 





for Colleges 





Laboratory Manual Now ready 


This manual offers a variety of experiments for differ- 
ent types of laboratory courses in the first year of 
chemistry. It is specifically designed to save the 
student as much time as possible in the labor of 
recording results and the instructor, time and labor 
in grading them. 


A Study Guide 


The Laboratory Manual with the Study Guide 
and the equipment within the book itself affords 
maximum assistance to instructor and to student. 


Now ready 
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Reprints of 
Dr. VICTOR E. LEVINE’S 


The VITAMINS 


IN RESPONSE to widespread demand, Dr. 
Levine’s summary of vitamin information, which 
appeared in the August and September, 1935, 
numbers of the JouRNAL oF CHEMICAL EpucaTIon, 
has been reprinted in a handy thirty-page, 6” x 9” 
pamphlet, which is unique in its combination of 
compactness and comprehensiveness. 


It is of especial utility to premedical, medical and 
home economics students and their instructors, 
and to all who are interested in nutrition. 


The following vitamin data are presented: name and 
synonyms; constitutional formula; biologic functions; 
pathological findings as a result of deficiency; hypervitamino- 
sis; chemical stability; artificial sources and concentrates; 
natural sources (quantitative data in so far as available); 
biologic tests; clinical tests; chemical and spectrographic 
tests. We believe that the summary is as complete up to the 
date of the original printing as human diligence could make it. 


SINGLE COPY 35c; EXTRA COPIES 30c each 
Sent PREPAID upon receipt of remittance 


JOURNAL OF CHEMICAL EDUCATION 
20th & Northampton Sts., Easton, Pa. 


























ENRIQUE MOLES (1883- ) 


For biographical note contributed by Dr. Ralph E. Oesper, of the University 


* poe, see page 368. Dr. Oesper also lent the photograph here repro- 
uced. 
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SELF-APPRECIATIVE EXHIBITION OF 
BROAD-MINDEDNESS. In its desire to serve as an 
agent of progress, the JOURNAL OF CHEMICAL EDUCA- 
TION has, from time to time, devoted considerable space 
to articles which might be roughly classified on the basis 
of intent as directed at the modernizing of the course in 
general chemistry. We believe that, on the whole, this 
policy is a proper one, and that it has, in general, com- 
mended itself to our readers. 

Yet we are occasionally reminded in conversation 
with readers, and through incidental comments in our 
correspondence, that change does not necessarily con- 
stitute progress; that innovation may become a fashion, 
rather than a critical evaluation and acceptance of im- 
provement, and that it is well to lend attentive ear to 
the conservatives occasionally. The confirmed pro- 
gressive regards himself as the opponent of dogmatism; 
yet in his enthusiasm for change he must beware lest he 
become as dogmatic as any of the reactionaries against 
whose inertia he contends. 

The lot of the conservative is not altogether a happy 
one. He is usually misunderstood, and often maligned, 
by his opponents, and he seldom gets much credit from 
the world at large. Popular superstition seems to 
ascribe the ability of Truth crushed to earth to rise 
again to the inherent vitality and remarkable recupera- 
tive powers of the victim. Nobody wastes a good word 
on the Samaritan conservative who picks Truth out of 
the gutter, dusts it off, binds up its wounds, and ad- 
ministers restoratives. 

So, while we get around a bit and have a lot of fun 





among the progressives, we also have a sincere regard 
and a certain fellow-feeling for the genuine conserva- 
tives (those who are conservative by conviction rather 
than through inertia), and we like to spend, say, alter- 
nate Tuesdays and Fridays among them. 

All of which is by way of introduction (possibly un- 
necessary) to Dr. Sherk’s “Comments on the new 
nomenclature for acids, bases, and salts,’’ which appear 
elsewhere in this number. The editor admits to a per- 
sonal partiality for the new nomenclature, yet he is not 
unaware of the pedagogic problems raised by its intro- 
duction into elementary instruction, nor of the force of 
some of the criticisms that have been leveled at it. Dr. 
Sherk’s commentary is the best-reasoned and most com- 
prehensive presentation of the critical point of view that 
has reached us in manuscript form. We hope that it 
may be a subject of attention at the forthcoming Pitts- 
burgh round-table discussion of the teaching of the 
modern theory of electrolytes, and conceptions of acids, 
bases, and salts. 





This month's cover cut is a reproduction of a portion of 
one of the numerous Alchemists of David Temiers the 
Younger (1610-1694). The original is the property of the 
Fine Arts Society of San Diego, the gift of Mrs. Henry A. 
Everett of Pasadena, and is of especial interest as being 
one of the few Teniers paintings in America. For loan of a 
photographic copy we are indebted to Prof. F. B. Dains of 
the University of Kansas. 





SAINT VINCENT DE PAUL 


and the ALCHEMIST 


FREDERIC WALKER 


1215 Wyoming Avenue, Niagara Falls, New York 


ONTEMPORARY references to early chemistry 

by non-chemist scholars throw valuable light upon 

its history. The pictures of alchemists supplied 
by such great men of literature as’ Jean de Meun, 
Chaucer, and Ben Jonson are references of this sort 
and serve as valuable source material for the chemical 
historian. It must be remembered, however, that these 
pictures occur in works of fiction and hence are subject 
to certain literary distortions necessitated by plot, 
argument, and form. For this reason, the alchemist of 
literature is generally the quack or mountebank. 
Naturally, this type had a greater appeal to the writer 
of fiction than his more honest fellow whose doings were 
less sensational. Accordingly in Chaucer and in Jonson 
we find the alchemist’s vices magnified and his virtues, 
if he had any, unmentioned. Of course, it cannot be 
denied that there were many unscrupulous alchemists 
whose only “‘magnum opus’’ was to make money by 
deceit and trickery. That there were so many of these, 
however, makes it all the more important to emphasize 
the fact that all alchemists did not belong to this group. 
As evidence of this we wish to call attention to a con- 
temporary account of a Mohammedan alchemist of 
the early seventeenth century. This account is to be 
found in the letters of Saint Vincent de Paul, the 
celebrated founder of the Sisters of Charity and the 
Congregation of the Mission. We have here an interest- 
ing description of alchemy as it was practiced in Tunis 
in the year 1605 and a portrait of an alchemist who, 
although he was not without fault, was at least a hu- 
mane, benevolent man and a scholar deeply interested 
in his science. Since this description is a factual one, 
not belonging to the realm of fiction, its value to the 
history of chemistry is naturally greater than references 
of the other sort. 

Vincent de Paul was born on April 24, 1581, in a 
little village near Dax in Gascony which now bears his 
name but was than called Pouy. He was educated by 
Franciscans at Dax and at Toulouse and ordained 
priest in 1600. Returning home from business in 
Toulouse in 1605, he decided to go by sea to Narbonne 
to save time and money. Unfortunately, his ship fell 
prey to pirates and he was sold into slavery in Tunis. 
One of his several masters was an alchemist. After 
he had escaped he wrote two letters to a Monsieur de 
Comet, an advocate of Dax, who had been his bene- 
factor and patron, telling him the story of his\captivity. 
The letters have been preserved and we will turn to 
them for an account of his servitude to this adept of 





SAINT VINCENT DE PAUL 


the hermetic art. The letters were written in French 
and a reproduction of a part of the first one is here pre- 
sented. Although the account of his captivity and 
sale is of little importance as far as chemical history is 
concerned, it makes a thrilling narrative and hence 
will be included in our extracts from the letters. In 
translating we have tried to follow the original as closely 
as possible. We have, however, broken down some of 
the long French sentences into shorter English ones and 
made a few other minor changes in phraseology where 
a literal rendering of old-style French sentence con- 
struction does not adapt itself to modern English. It 
should be observed that the style of the letters is ex- 
cellent and in the original they make very pleasant 
reading. The following extract is from the Saint’s first 
letter to Monsieur de Comet, which was written in 
Avignon and is dated July 27, 1607. 


The wind was so favorable to us that we could have made 
Narbonne that day for it was only fifty leagues away, if God had 
not permitted three Turkish brigantines, which followed the coast 
of the Gulf of Lyons to catch ships coming from Beaucaire (where 
there was a fair which is esteemed as one of the most fine in Christ- 
endom), to charge us and attack so powerfully that two or three 
of our men were killed and all the rest wounded including myself 
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who received an arrow wound which will serve me as a time-piece 
for the rest of my life. Accordingly we were forced to surrender 
to these felons who were worse than tigers. In the first outbreak 
of their rage, they hacked our captain into a thousand pieces 
because they had lost one of their leaders as well as four or 
five scoundrels whom our men had killed. This done, they put 
us in chains after having roughly dressed our wounds, commit- 
ting a thousand robberies but nevertheless giving liberty to those 
who surrendered without struggling, after having robbed them. 
At last, charged with merchandise at the end of seven or eight 
days, they took their way to Barbary, the lair and cave of 
robbers, unacknowledged by the Great Turk. Having arrived, 
they put us up for sale with a written report of our capture 
which said that we had been taken from a Spanish vessel be- 
cause without this lie we would have been delivered by the 
consul whom the King keeps there to preserve the freedom of 
French commerce. 

Their procedure in selling us was as follows. After stripping us 
of our clothes, they gave us each a pair of trousers and a linen 
jacket with a bonnet. Then they marched us through the city 
of Tunis to which they had come expressly to sell us. Having 
had us make four or five circuits of the town with the chains about 
our necks, they brought us back to the boat to the end that the 
merchants might come to see who could eat and who could not to 
show that our wounds were not mortal. This done, they took us 
again to the square, where the merchants came to inspect us just as 
one does at the purchase of a horse or a cow, having us open our 
mouths to examine our teeth, feeling our sides, probing our 
wounds, and making us walk, trot, and run. Then they made us 
carry burdens and wrestle among ourselves to see the strength 
of each, as well as a thousand other kinds of brutality. 

I was sold to a fisherman who was soon forced to get rid of me 
for there is nothing so insupportable to me as the sea. The 
fisherman then sold me to an old spagiric doctor, a sovereign 
drawer of quintessences, a very humane and tractable man, who 
from what he told me had labored for fifty years in the search 
for the philosopher’s stone. His work had been in vain as to the 
stone but he was very successful in another sort of transmutation 
of metals. In testimony whereof I have often seen him melt 
together equal parts of gold and silver and make the metal into 
thin plates. After this, he would make a layer of some powders, 
a layer of the thin plates, and then another layer of powders in a 
crucible or a goldsmith’s melting vessel and keep it in the fire for 
twenty-four hours. Then he would open it to find the silver 
turned to gold. Still more often he would congeal or fix quick- 
silver to fine silver which he sold to give to the poor. My occupa- 
tion was to mind the fires of ten or twelve furnaces; in doing 
which, thanks to God, I had as much pain as pleasure. He 
liked me a great deal and was pleased to descant to me much on 
alchemy but still more on his law to which he made great efforts 
to win me over, promising me great riches and all his knowledge. 

God sustained me always in the belief that I would be delivered 
through the constant prayers I made to Him and to the Virgin 
Mary by the sole intercession of whom I believe firmly that I 
have been saved. Now this firm hope and belief that I had of 
seeing you again, Monsieur, made me assiduous in praying him 
to teach me a means of curing gravel in which I had seen him 
daily work miracles. He did this and even had me prepare and 
administer the ingredients. Oh! how many times since have I 
wished that I had been enslaved before the death of Monsieur, 
your late brother and co-Mecenas, who did so much for me, so 
that I might have had this secret which I am sending you, praying 
you to receive it with as firm a belief as is mine that if I had 
known it then, death would not have triumphed (at least not by 
that means)... . 

I was with this old man from the month of September 1605 
until the following August when he was taken to the great 
Sultan to work for him, but in vain for he died of sorrow on the 
way. He left me toa nephew of his . . . . who sold me again soon 
after his uncle’s death, because he had heard it said that M. de 
Bréves, ambassador of the King in Turkey, was coming with 
express Jetter-patent from the Great Turk to recover Christian 


slaves. 
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Vincent de Paul now goes on to speak of his new 
owner, a renegade priest named William Gautier who 
took him away from Tunis to work on his plantation. 
Because of this, de Paul was not rescued by the French 
ambassador who returned to France with about seventy 
liberated slaves on August 24, 1606. Contemporary 
histories tell us that there were about 7000 Christian 
slaves in Tunisia at that time. Vincent de Paul finally 
converted Gautier back to the faith and the two re- 
turned to France in June, 1607. They went to Avignon 
where the renegade was received into the church again 
and where de Paul became acquainted with Peter 
Montorio, the Vice-Legate of Avignon who proved to 
be an amateur alchemist. All this is told at the close 
of the letter from which we will quote again. 


He [Peter Montorio*] does me the honor of liking me a great 
deal and making much of me because of several secrets of Al- 
chemy which I have taught him and of which he makes a greater 
estimate, says he, than if “‘io li avesse datto un monte di oro,”’ 
[I had given him a mountain of gold], for he has worked in it 
all his life and thirsts after no other pleasure. My said Seigneur 
knowing that I am a man of the church has commanded me 
to send for the letters of my orders, assuring me that he will do 
well by me and provide me with a benefice. 


In the second letter that Vincent de Paul wrote to 
Monsieur de Comet we find another reference to the 
alchemically minded Vice-Legate of Avignon and to 
the Turkish alchemist. This letter was sent from 
Rome and is dated Feb. 28, 1608. 


My state hence is such, in a word, that I am in this city of 
Rome where I continue in my studies, supported by Monseigneur, 
the Vice-Legate of Avignon, who does me the honor of liking me 
and desiring my advancement for having shown him many 
beautiful curious things which I learned during my slavery to 
that old Turk to whom I was sold, as I wrote you. Among these 
curiosities is the beginning, not the total perfection, of the mirror of 
Archimedes; an artificial method for making a death’s-head speak, 
which this wretch made use of to seduce the people, telling them 
that his God, Mohammed, made his will known through this 
head; and a thousand fine things pertaining to geometry. Of 
these, my Seigneur is so jealous that he does not wish me keep 
company with anyone for fear that I might teach them, desiring 
to have himself alone the reputation for knowing these things, 
which it pleases him to show sometimes to his Holiness [Paul V*] 
and the cardinals. 


The cure for gravel of which the Saint speaks in his 
letter has been discovered. It was found in an old un- 
dated manuscript-notebook in the Hospice de Marans 
(Charante Inférieure). It reads as follows: 


Remedy of Saint Vincent de Paul for Gravel: Take Venetian 
turpentine, two ounces; white turbith, two ounces; mastic, 
galange, cloves, cubed cinnamon, of each one-half ounce. Make 
a paste of the mixture with a half a pound of white honey and a 
pint of the strongest brandy. Allow the whole to digest for some 
time, then distil it. One must take in the morning, before eating, 
one-fourth of a teaspoonful being careful to fill it with borage or 
bugloss water, taking it as many times as one wishes, because it 
can do no harm but is, on the contrary, very good for the health, 
and its principal action is on the urine. That is why one is not 
obliged to follow any other regime of living, except that one must 
not eat until an hour after taking it, and one can go about one’s 


* Translator’s note. 
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ordinary business. One will see how it works by experience. 
This great servant of God learned it in Barbary when he was a 
captive. 


The nature of the white turbith mentioned in this 
formula is somewhat questionable. It probably refers 
to a form of turpethin, a drug extracted from the root 
of a plant, Convolvulus turpethin, and is a yellowish 
brown resin. It is a purgative, as is aloes, which is also 
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mentioned. A subsulfate of mercury (HgSO,2HgO) 
was known as mineral turbith or yellow turbith. This 
material is probably not intended since all the other 
drugs mentioned are derived from plants. The fact 
that Saint Vincent de Paul refers to the old man as a 
spagiric doctor makes one think of Paracelsus, but this 
formula smells more of Galen than of Paracelsus. As 
to its utility, we can say little except that it probably 
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acted as a purgative. The turpentine in it, however, 
is distinctly harmful since it is likely to cause acute 
nephritis when taken internally. The remedy is proba- 
bly on a level with most remedies of the time. 

Saint Vincent de Paul’s picture of the Tunisian al- 
chemist is not an unfriendly one except in that he re- 
fers to him as a wretch for his use of the talking skull. 
He speaks well of the man’s humanity and tells of his 
philanthropy in giving the money that he made to the 
poor. One can envisage him as a man of science scorn- 
ing the merely material profit of his art. The transmu- 
tations were undoubtedly only apparently successful. 
Alchemical gold was often recognized as in a class by 
itself and probably commanded a lower price on the 
market when it was recognized as such, which in those 
days was not always easy. Albertus Magnus speaks 
quite plainly of the difference between true gold and 
alchemical gold. 

The story of the alchemist’s summons to the court of 
the Sultan, who in this case was Ahmed I, successor to 
Mohammed III, is a tale that is repeated many times 
in the annals of alchemy. Avaricious rulers were for- 
ever pouncing upon unwary alchemists whose reputa- 
tion for gold-making had become too generally known. 
The victim was commanded to replenish the royal 
treasuries and if he failed was cruelly tortured for trying 
to hide his knowledge. The usual remedy for such a 
summons was suicide and it is possible that Saint 
Vincent de Paul’s alchemist may have made use of this 
expedient. Ahmed the First had the reputation of 
being a cruel, pleasure-loving ruler, particularly in the 
latter part of his life. It is interesting to note that 
tobacco is said to have been introduced into Turkey 
during his reign. 

The procedure that the alchemist made use of for 
transmuting silver to gold is similar to the first portion 
of a process described by Geber in the Summa for the 
preparation of silver for the transmutation, which 
shows it to be in good agreement with the best al- 
chemical technic. This procedure reads as follows: 


Recipe Sol or Gold beaten into thin Plates, and with them and 
Common Salt very well prepared, make Lay upon Lay in a Vessel 
of Calcination which set into a furnace and calcine well for three 
days, until the whole be subtly calcined... . 


The preparation of silver according to Geber is carried 
out in the same way. The rest of Geber’s procedure 
differs from that of the Tunisian alchemist but the 
resemblance of the part quoted is striking. 

Saint Vincent de Paul’s alchemist is undoubtedly 
representative of the remnants of the great Arabian 
school of alchemy which was in its height in the seventh 
century during the time of Jabir ibn Hayyan who was 
later known to Latin Europe as Geber. The Arabians 
invaded Tunis in 648-669, and it remained a part of 
the Arabian empire until 1336, when it revolted and 
set up an independent dynasty which lasted until the 
Turkish conquest in 1525. It was recaptured with the 
help of Charles V of Spain in 1535 but reverted to the 
Turks in 1570. 


JOURNAL OF CHEMICAL EDUCATION 


A word must now be said concerning the letters of 
Saint Vincent de Paul from which we have quoted. 
They remained in the de Comet family, passing finally 
to a Catharine de Comet, wife of John de Saint Martin, 
along with other family papers. M. de Saint Martin 
discovered the letters and a copy was made and sent to 
Vincent de Paul, who was still living and who, de Saint 
Martin thought, would be extremely interested in 
hearing of them. Vincent de Paul, who had never 
referred to his captivity in later years, wrote for the 
originals, but his secretary, fearing that he wished to 
destroy them, unknown to his master saw to it that 
they were preserved. Pierre Coste in his life of the 
Saint says, “his humility was hurt by the possible revela- 
tion of facts to which he had never referred.’’ De 
Paul’s action with respect to the letters is somewhat 
difficult to understand. It is possible, however, that 
in view of the bad repute into which alchemy had 
fallen, he did not wish these letters to become known 
to people who might misinterpret them. Abelly, de 
Paul’s first biographer, did not dare to quote the 
passages from the letters which referred to alchemy. 
In the course of the process of beatification in 1729, 
the advocate of the cause had to show that there was 
such a thing as scientific alchemy. As Pierre Coste 
states with respect to alchemy, ‘‘Vincent de Paul and 
the Vice-Legate of Avignon were, as may be seen, 
far more broad-minded and enlightened than most of 
their contemporaries who regarded alchemy as one of 
the black arts.” 

The first letter to de Comet is now preserved at the 
hospital of the Daughters of Charity at Fontenay-le- 
Comte; the second letter is preserved in the Mother 
House of the Congregation of the Mission at Lille. 

Saint Vincent’s captivity has recently been impugned 
in two pamphlets entitled, “‘La pretendue captivité de 
Saint Vincent de Paul,” by M. Grandchamp. This 
attack does not question the authenticity of the 
letters. Instead it questions the Saint’s veracity. 
M. Grandchamp feels that the account of the alchemist 
and his works is improbable and untrue. Our own study 
of the letters, however, finds them in excellent agree- 
ment with our knowledge of alchemy and alchemists. 
Furthermore, the existence of the formula for the cure 
of gravel is additional evidence attesting to the evi- 
dence of the letters. It is very difficult to assign a mo- 
tive that would make the untruth of these letters a 
plausible hypothesis, especially since, as Pierre Coste 
points out, Vincent de Paul was not only writing to a 
friend and benefactor, Monsieur de Comet, but also 
to his own mother. 

In closing, the writer wishes to express his gratitude 
to the Very Rev. Joseph M. Noonan, C.M., president 
of Niagara University, for drawing his attention to 
Saint Vincent de Paul’s alchemical experiences and for 
loaning him the various books of reference, etc., 
which have made this paper possible. Today there are 
3800 Vincentian fathers and Niagara University is one 
of the many products of their endeavor. 
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LABORATORY for GENERAL 
CHEMISTRY 


N. BEVERLEY TUCKER 


Virginia Military Institute, Lexington, Virginia 


NEW laboratory for general chemistry, recently 

A completed at The Virginia Military Institute, 

embodies several features which have proved 

their worth in actual experience. Since the whole of 

the equipment was built by local workmen at compara- 

tively small cost, a brief description of the outlay may 
be interesting. 

The laboratory with connecting offices for the in- 
structors is housed in the top floor of a building re- 
cently completed, adjacent to the chemistry building 
and connected to it through an enclosed corridor bridg- 
ing a space of some 25 feet. The laboratory proper is a 
room 86 by 40 feet, lighted on three sides by large case- 
ment windows, and having a nearly vertical skylight 
running almost the length of the room. Ventilation of 
the room itself is provided for by two Univent radia- 
tors at opposite corners. In addition to the windows 
the whole skylight may be opened in good weather. 
The room is completely fireproof, with white painted 
brick walls and concrete floor. 

The desks were designed to provide locker space for 
four individual sets of apparatus under each working 
space, to accommodate four different sections on suc- 
cessive days. Each cupboard has a built-in drawer, 
such that one catch serves to lock both drawer and 
locker, thus making for economy in construction and use 
as well as neatness of appearance. Tops are of al- 
berene stone, purchased in rectangular sections and 
sawed to shape. These desks are in three benches of 
eight units each (unit is 5 feet 6 inches in length) and 
three of four units each, providing working space for 
seventy-two men. 

Each desk is provided with water and gas lines, the 
latter being run as a continuous pipe through the re- 
agent-shelf supports. Instead of individual sinks, a 
lead-lined trough was built running the length of each 
section and sloping to one end. At proper intervals 
an offset in the trough furnishes a sink beside each work 
space, and all drain into a large sink with a 21/2-inch 
drain at one end of the section. The elimination of 
many hidden drains makes for simplicity of plumb- 
ing, but more important, minimizes clogged drains, 
which are encountered all too frequently. ‘The one 
pipe to the sewer is easily accessible for repairs. 

Ventilation and the elimination of vapors is provided 




















for through the medium of flumes along the top of 
each section, three sides being of California redwood 
heavily coated inside and out with alphatum and 
“Troplite,” the bottom consisting of a wedge-shaped 
metal strip extending as an apron 8 inches out over the 
desks (see drawing). At the vertex the metal is 
pierced with from six to ten '/,-inch holes (depending 
on the distance from the center) to admit gases to the 
flues. Each section of this troughs connected through 
a sheet-metal flue which is exhausted by a 3-foot, 
Buffalo-type C-L fan driven by a 750 R.P.M. 1 H.P. 
motor. This arrangement has proved very satis- 
factory for the elimination of the greater part of the 
fumes created by the students at each unit. For ex- 
ample, phosphorus can be burned in an evaporating 
dish held several inches below the metal apron with 
almost complete removal of the phosphoric oxide fumes. 
This arrangement works much more satisfactorily than 
most of the down-draft desk hoods usually provided 
for, and is superior to most overhead hood arrange- 
ments in that it is neat and compact and decreases 
visibility and light very slightly. The top of the 
flume serves as a shelf for bottles, and takes up very 
little more space than the conventional type of reagent 
shelf. 





COMMENTS on the NEW 
NOMENCLATURE for 


ACIDS, 


BASES, and SALTS 


KENNETH W. SHERK 


Smith College, Northampton, Massachusetts 


HEMISTRY, in common with other experimental 
sciences, has undergone prodigious development 
during the past few decades. Some of the ad- 

vances have involved the addition of new complexities 
to the science while others have resulted in its simpli- 
fication. It is perhaps inevitable that changes in sys- 
tems of classification and in nomenclature should take 
place pari passu with these advances. As science 
mounts skyward like a great modern Tower of Babel, 
however, confusion of tongues may well result unless 
keen discrimination and sound judgment are invoked 
for the task of extending its classifications and enrich- 
ing its vocabularies. To merit general sanction and 


usage, new classifications must rest upon a strictly 
logical basis; new terms should be of tiie greatest 
simplicity compatible with correct etymology, and new 
definitions should be concise and unambiguous. While 


the substitution of new terms for old may in some cases 
be advantageous, the use of old terms in a sense widely 
differing from that sanctioned by long usage may be a 
source of confusion, especially in the minds of beginning 
students. 

Following closely upon the recognition of electronic 
transfer as the fundamental process involved in oxida- 
tion-reduction reactions has come the idea that the 
interaction of acids and bases may be considered to 
involve a simple transfer of protons. The reclassifica- 
tion of acids, bases, and salts, and the new nomenclature 
proposed by Lowry (1) and by Brgnsted (2) have been 
widely adopted by authors and teachers. The advant- 
age of the new system, as stated by Brgnsted (3), is 
that ‘‘the scheme gives in all cases a logical and ade- 
quate expression of the properties which are generally 
recognized as being characteristic of acids and bases.”’ 
In the opinion of Bond (4), ‘‘the fact that the system 
correlates the behavior of ionized substances in various 
solvents is sufficient justification for its use,’’ while 
Briscoe (5) concludes that, “it appears in every way 
to be more in accord with the facts. It is favored par- 
ticularly because it is more general in scope and can 
be applied to all types of solution, and to acids and 
bases in the undissociated state.” Interesting surveys 
of the historical development of the idea have been 
made by Walden (6) and by Hall (7). Livingston (8) 
has demonstrated the utility of the new concept in 
connection with the study of certain catalytic reactions 
in homogeneous systems. 

In the category of acids, or proton donors, are in- 


cluded, under the new system: (a) all the substances 
formerly termed acids, (b) such cations as the hydro- 
nium ion, OH;*, the ammonium ion, NH,"*, the hydra- 
zonium ion, NeH;+, and all other solvonium ions, or 
solvated hydrogen ions, (c) such anions as the bisulfate 
ion, HSQ,-, the bicarbonate ion, HCO;-, and the 
primary and secondary phosphate ions, H:POQ,— 
and HPO,--, and (d) all slightly ionized solvents 
(such as water, ammonia, hydrogen peroxide, and 
hydrazine) that yield hydrogen ions. 

The term base, or proton acceptor, may be construed 
to include (a) all anions, simple or complex, (b) all 
solvents that combine with protons to form solvonium 
ions, (c) certain organic substances, such as the amines 
and kindred compounds which form what may be 
termed substituted soluvonium ions, and, both last and 
least, what seems to have escaped the attention of even 
the most ardent proponents of the new system as the 
limiting case, (d) the electron! 

In discussing possible new classifications one author 
ventures to write, ‘‘ . . . it is possible to classify ionized 
substances on the basis of their behavior. The simple 
classification would be into positive and negative ions, 
but on account of the fact that reactions of ions with 
molecules may take place and that the properties of ions 
occurring in acids are strikingly different from those of 
other positive ions, such a classification would be in- 
adequate to represent the distinctive properties of 
ionized substances. The classes we have adopted are 
acids, bases, positive metallic ions, and salts.” 

The classification of ionized substances as either 
positive or negative ions, as contemplated at first by 
this author, certainly involves the logical fallacy of 
mistaking the part for the whole, since ions are not 
themselves ionized substances, but rather are the prod- 
ucts of the ionization of such substances. Married 
couples might equally well be classified in two groups: 
men and women! Nor is the classification of ionized 
substances finally adopted by this author entirely free 
from the same criticism. All critics will certainly 
agree that an ion is not an ionized substance, and some 
may even go so far as to assert that an ion is not a 
substance at all, under the present definition of the 
term. Of this, more anon. 


ACIDS 


It is a familiar fact that all acids give up protons or 
hydrogen ions under suitable conditions. The almost 
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universal current use of proton as a synonym for hy- 
drogen ion, however, involves a minor fallacy in the 
assumption that all hydrogen ions are protons. As a 
matter of fact, deuterium ions are hydrogen ions, but 
not protons. Since the large class of proton donors, 
or acids in the new sense, comprises, as noted above, 
electrically neutral compounds, solvonium ions, and 
certain anions, there is reason, in the opinion of certain 
critics, for the feeling that the new classification and 
definitions are based upon considerations of expediency 
rather than of rigorous logic. Here again, ions are 
grouped side by side with electrically neutral substances. 
This possible criticism may be forestalled by assigning 
the name acid ion to an ionic proton donor, or by 
defining acid more specifically as a compound or ion 
that is capable of giving up protons. There is little 
excuse for the solecism perpetrated by two different 
writers in the statements, ‘“‘An acid is a substance 
which is capable of dissociating a proton,’’ and, “‘we 
understand an acid to be a substance that dissociates 
protons, a base one that associates them.’’ The use of 
“dissociates” and ‘‘associates’”’ in the transitive sense 
connotes respectively the breaking up of protons them- 
selves, possibly into neutrons and positrons, and the 
polymerization of protons themselves! Although these 
hitherto unachieved transformations may ere long be 
accomplished, it is extremely unlikely that such remark- 
able subatomic feats will be accomplished as a result of 
the characteristic activity of an acid or a base. 

Inasmuch as all solvated hydrogen ions, or solvonium 
ions, are included in the new category of acids it 
may be well at this point to call attention to the multi- 
plicity of names currently used for the hydrated hydro- 
gen ion. Oxonium ion has been in use for a generation, 
and is still employed by some authors of today (9). 
Two newer names are hydronium ion (10) and hydrox- 
onium ton (11). Of the three, hydronium ion is un- 
doubtedly based on the soundest etymology, and 
corresponds most closely to ammonium ion. 


BASES 


It is in the definition of base and in the classification 
of bases that the new nomenclature shows the most 
radical departure from the old. The new definition of 
base as a proton acceptor certainly has the obvious 
advantage of greater simplicity and of wider scope. 
The class of bases as thus defined, however, includes 
proton acceptors of widely divergent character, with no 
other badge of membership in the order than their 
ability to unite with protons in one way or another. 
Aside from this property, such electrically neutral, 
slightly ionized substances as water, ammonia, and 
hydrazine show little or nothing in common with the 
large and varied group of anions. To some critics, at 
least, the newly constituted class of bases appears as an 
aggregation of strange bedfellows, rather than as a 
natural grouping of related substances. 

As hinted above, there may be some doubt as to 
whether ions can be logically classed as substances, 
under any ‘hitherto accepted definition of the term. 
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Substances are usually considered to show, if sufficiently 
stable, definite melting and boiling points. A further 
criterion of substantiality in the chemical sense is the 
absence of any inherent property that prevents isolation 
under suitable conditions. It is difficult to conceive of 
conditions under which chloride ion could possibly be 
isolated as a chemical individual. 

The vast majority of inorganic bases in the new sense 
are anions—non-isolable, proton-accepting fragments 
of chemical compounds. Bases in the traditional sense, 
on the other hand, are compounds such as metallic 
hydroxides, amides, or hydrazides, which themselves 
do not combine directly with protons, but which readily 
yield proton-accepting anions, such as OH~, NH2~, 
or NeH3~. These basic anions, the active or functional 
parts of bases, in uniting with protons form molecules 
of solvents from which they may be considered to have 
been derived (12). 

Water, ammonia, hydrazine, and other slightly ion- 
ized, polymerized solvents are regarded under the new 
system as bases, because of their ready acceptance of 
protons to form solvonium ions. Advocates of the new 
classification seem to have made the assumption that 
the mechanism of this proton acceptance involves the 
union of a proton with a single molecule of the solvent 
in each case, as illustrated by the equilibria 


H,O + H+ — OH;+t 

NH; + H+ — NH,+ 

N2H, + H+ — N2H;* 
or, base + proton —— acid 


Since all these solvents are probably polymerized, they 
may equally well be regarded as bases under the old 
system, and their ionic equilibria may be expressed 


(H20)2 pons OH;3+ + OH- 
_(NH3)2 == NH«*+ + NH2~ 
(N2H4)2 ——— NeH;t+ + NeH3~ 


From this viewpoint, water may be looked upon as 
hydronium hydroxide, ammonia as ammonium amide, 
and hydrazine as hydrazonium hydrazide. Accept- 
ance of protons by such solvents:would therefore not 
involve the direct union of protons with solvent mole- 
cules, but rather their union with the anions of the 
solvent. As these anions are removed from the sphere 
of action by union with protons to form solvent mole- 
cules, the equilibrium point is displaced to the right, 
with the result that further ionization of the solvent 
dimers and consequent increase in the concentration of 
the solvonium ion take place. By way of illustration 
it may be said that when hydrogen chloride is dissolved 
in water, hydronium ions are formed, not by direct 
union of protons with water molecules, but by ionization 
of dihydrol, or dimers of water. From this viewpoint, 
the anion of the solvent, rather than the solvent itself, 1s a 
base, under the new system. Moreover, since such sub- 
stances as hydronium chloride and sodium hydroxide 
are classed as salts, water, in the guise of hydronium 
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hydroxide, might as a matter of courtesy at least, be 
included in this category, although considered as a base 
under the old system. Acceptance of this view would 
have the result of simplifying the new classification by 
expelling the slightly ionized solvents, or solvonium 
solvides, from their grudgingly tolerated membership 
in the categories of acids and bases. By the same token, 
the new category of salts might be correspondingly en- 
riched, or complicated, as may be preferred, by the 
accession of these expatriated chemical refugees. 


SALTS 


One devotee of the new system writes: ‘‘All electro- 
lytes are salts, including, for example, a solution of 
hydrochloric acid, which contains oxonium chloride, 
H;0* Cl-, and sodium hydroxide.” This statement is 
somewhat ambiguous, since the term electrolyte is ap- 
plied both to a solution and to a solute. Moreover, it 
will be recalled that acids under the old system have 
long been regarded, in a certain sense at least, as hy- 
drogen salts. Another contributes the following defini- 
tion, which is hardly consistent with that just quoted: 
‘‘A salt can be defined as a system built from oppositely 
charged ions that do not neutralize each other.” This 
definition, while conveying the obscure implication that 
salts assume the structure of an ionized lattice, is un- 
satisfactory for the reason that it unnecessarily raises a 
question as to the nature of neutralization, and that it 
excludes from the category of salts such substances as 
stannic iodide which are held together by covalent rather 
than by electrovalent links. If used in the class- 
room this definition might easily lead the immature 
student to surmise that salts, since their ‘‘oppositely 
charged ions ...do not neutralize each other,” must 
carry a net electric charge. 

In attempting to elucidate the mechanism of hy- 
drolysis one author presents the following: ‘“‘Formerly 
one said that a salt was acid or alkaline in solution be- 
cause of hydrolysis. We now see that when a salt solu- 
tion is acid it is because one of its ions is an acid, and 
if it is alkaline one of its ions is a base.”’ Acceptance of 
this statement in a strict sense seems to lead to the 
inference that all salts should show an alkaline reaction 
in solution, since they all yield anions that are bases. 
An alternative statement, valid under both the new 
system and the old, for both aqueous and non-aqueous 
solutions, would be as follows: a salt that shows 
acidity in solution does so because its cations combine 
with solvide ions to form a slightly ionized molecular 
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compound, thus causing further ionization of the sol- 
vent, with resultant increase in the concentration of the 
solvonium ions. A salt that shows alkalinity in solu- 
tion does so because its anions combine with solvonium 
ions to form a slightly ionized molecular compound, 
thus causing further ionization of the solvent with 
resultant increase in the concentration of solvide ions. 

In the specific case of ammonium chloride in aqueous 
solution NH,+ unites with OH™- to form the slightly 
ionized NH,OH, with the result that the concentration 
of OH~ is lowered. This causes a displacement of the 
ionic equilibrium point for water; more water is ionized 
into OH3;+ and OH~-; the concentration of OHs;t, 
and thus, the acidity of the solution, is increased. In 
the case of sodium acetate in aqueous solution, C,H;0.~ 
unites with OH;* to form the slightly ionized HC,H;0, 
and water, with the result that the concentration of 
OH;* is lowered. More water is ionized, the concentra- 
tion of OH7~ is correspondingly raised, and the solution 
becomes alkaline. 

There is little doubt that recognition of protonic 
transfer as the fundamental process involved in the 
interaction of acids and bases constitutes an important 
advance in the science of chemistry. In the words of 
one eminent physical chemist, ‘“The Brénsted system 
seems to have swept the world—-but I don’t like it.” 
Such oral criticism as has reached the author has been 
directed chiefly at the use of the term base for the 
proton acceptor. This term has so long been employed 
as a designation for metallic hydroxides and kindred 
compounds that its use in the new sense may well lead 
to ambiguity, and therefore to confusion; particularly 
in the mind of the beginning student. For this reason, 
it is suggested that the new terminology be used to 
supplement rather than to supplant the old, especially 
in introductory courses in chemistry. The choice of 
suitable terms for proton donor and proton acceptor 
might also be desirable as a means of eliminating such 
confusion. Among the terms that might be considered 
are protodose for proton donor, and protophile for 
proton acceptor. These names conform to the sugges- 
tion of Brgénsted (13) that the term hydriophily be used 
to denote association with hydrogenions. The property 
of acidity, then, in the broader sense would be termed 
protodosy, and that of basicity, protophily. In any event 
the new classification and nomenclature in their 
present form should not be so blindly followed by the 
teacher of elementary chemistry as to sacrifice clear- 
ness and conciseness to the fetish of protonic transfer. 
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A PERSIAN DESCRIPTION of the 
FAIENCE TECHNIC at KASHAN 


inv 1301. A.D. 


RUDOLF WINDERLICH 


Oldenburg in Oldenburg, Germany+ 


HE artisans of antiquity and of the Middle Ages 
‘> used to guard their tested methods carefully from 
amateurs and to impart them only orally, as 
precious secrets to be held in strict confidence, to their 
sons and trusted pupils. In spite of zealous search, no 


formula was ever known for the production of the 
famous Persian faiences of the Middle Ages, which even 
today gleam with bright colors and, in the form of 
wonderful wall tiles, charm all the friends of art. A 
short time ago Professor Hellmut Ritter finally dis- 


covered in the Aya Sofia in Istanbul an unquestionably 
authentic manuscript which was written by a ceramist 
in the year 700 after the Hegira, therefore in 1301 of 
our calendar. The ‘Book of Gems and Perfumes” of 
Abulqésim ‘Abdallah bin ‘Alt bin Muhammed bin 
Abi T4hir describes in the last chapter, in a surprisingly 
complete and accurate manner, the production of 
faiences in Kashan, 7. e., in the principal place of their 
manufacture, in the golden age of Persian ceramics. 
Abulg4sim belonged to a very distinguished family of 
potters, highly skilled in the art, from whose studios 
in Kashan magnificent pieces are obtained. 

This technical publication on the production of 
Persian faiences in the Middle Ages has been translated 


Translator’s Notes: 


* Faience is glazed earthenware, richly decorated in color. 
In the Spooner-Thayer Museuin of Art at the University of 
Kansas, several beautiful pieces of Persian pottery are displayed. 
These include a fourteenth-century mosque lamp, a pair of six- 
teenth-century green-glazed lamps from Kashan, a thirteenth- 
century lustered pottery ewer from Rages, and two sixteenth- 
and seventeenth-century tiles, glazed in brilliant blue, green, 
brown, and white. 

} Professor Winderlich is professor of chemistry at the Ober- 
realschule at Oldenburg in Oldenburg. He is the author of 
“Chemie fiir jedermann,” ‘Chemie und Kultur,” ‘Methodik 
der Chemie,” and several other books on chemistry. He is a 
frequent contributor to scientific and educational journals, and 
has published many authoritative articles on chemical education 
and the history of chemistry. The chapters on Liebig, Wohler, 
and Kekulé in ‘‘Das Buch der grossen Chemiker” were written 

‘ 


by Professor Winderlich. 
Mary Elvira Weeks 


by Professors Hellmut Ritter and Julius Ruska and 
annotated with chemico-technical comments by Pro- 
fessor Rudolf Winderlich. Dr. Friedrich Sarre, Director 
of the Islamic Division of the Kaiser Friedrich Museum 
in Berlin, has thoroughly explained and appraised the 
significance of the work from the point of view of history 
of art; he has contributed to it four plates with pictures 
of some especially beautiful prayer niches (mihrabs) 
which came from those studios.! 

Abulq4sim was aware of the great value of faience 
technic, for he calls it “in truth a kind of Philosophers’ 
Stone.”” He appropriately divides his chapter on 
faience into three parts: (1) the raw materials, (2) 
the preliminary treatment of the raw materials, and 
(3) the manufacture of the raw materials into finished 
ware. Because of its remarkably clear coherence, the 
German editors of the work could explain the unequivo- 
cal meaning of a number of hitherto inexplicable phrases. 

There still remained, to be sure, a few gaps; a fact 
which is easy to understand if we consider that even 
today many minerals are named for the places where 
they were found, or are adorned with the names of 
discoverers: without additional information, no one 
can know what strontianite or dolomite is: the former 
name comes from that of the Strontian lead mine in 
Scotland, the latter refers to Déodat G. S. T. Gratet 
de Dolomieu (born June 24, 1750, in Dolomieu, near 
Tour-du-Pin, died November 26, 1801, in Chateauneuf). 
We must hope that comparison with other scientific 
and technical writings may even yet reveal what kind 
of a rock it is that the workers used-to call ‘‘lining”’ 
and what the mineral is that used to be called the 
“qamsart stone, named for a village” in the district of 
Kashan. 

1 RitTeR, H., Ruska, J., SARRE, F., AND WINDERLICH, R., 
“Orientalische Steinbiicher und persische Fayence-Technik,”’ 
German Archeological Institute, Istanbul, 1935, 8°, 70 pp., with 
4 plates. This can be obtained through the German Archeologi- 


cal Institute, Istanbul, Turkey, Taksim, Sira Selvi 100. RM. 
6. 
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The term Sulaiméni, given in honor of the prophet 
Solomon, shows how this is possible. In the manu- 
scfipt, the trade name Sulaimé@ni is used synonymously 
with /aégward. The true /agward is the Lasurstein, lapis 
lazuli, or ultramarine. For painting on glaze, however, 
the true lapis lazuli is entirely useless. The meaning 
becomes clear through the following statements: 
“From it comes the ultramarine color for glass’; one 
takes for coloring the glaze ‘‘for the Sulaiméni blue. . . 
for every 40 parts of glass frit one part of /4gward.” 
Here it can refer only to cobalt ores. 

Abulq4sim names twelve kinds of raw materials. 
Unfortunately, he does not name them in good sequence, 
so that first the raw materials for the body, then those 
for the glaze, and finally those for the colors and 
opaquing agents are given; the indispensable clay, for 
example, is not mentioned until the ninth in order. 
Therefore, because information as to properties is 
inadequate, much remains puzzling. The sequence is: 
(1) quartz; (2) calcite; (3) ‘lining’; (4) ‘“‘qamsarit”’; 
(5) potash ‘“‘which is called gilj (Kali)”; (6) cobalt 
ores; (7) muzarrad (probably copper ores containing 
iron); (8) the eighth place is occupied by the following: 
pyrite, manganese ores, weathered iron sulfide con- 
taining copper, litharge, antimony ore, zinc ores, and 
lead; (9) clay; (10) tin; (11) lead; and (12) scales of 
copper which fly off during hammering. 

The raw materials are crushed by hammering or 
grinding, pounded until pulverized, and bolted through 
silk. As a foundation for the glazing, a glazing frit of 
“sugar-stone”’ (7. e., quartz) and potash is fused in a 
suitable oven. It is poured red-hot into cold water in 
order to crack and break it, then it is ground, pulverized, 
and bolted. In another furnace, ashes of tin and lead 
are produced as opaquing agents for enamel. 

From these intermediate products and previously 
prepared raw materials, transparent colorless, white 
opaque, and colored masses of glaze are mixed according 
to accurate formulas in the correct proportions to form 
a paste, with which the fired, crude objects are coated. 
For firing the glaze, the well-dried, painted objects are 
enclosed in clay saggers and exposed to a smokeless 
fire, for which certain kinds of wood are specified. In 
conclusion, processes are given for the preparation of 
luster colors and for gilding. 

From the point of view of chemical technology, it 
should be mentioned that expert potters first prepare 
for their glazing a glass frit containing 105 parts of 
quartz and 100 parts of potash. This proportion of 
raw materials must yield a water glass which approxi- 
mately corresponds to the composition 2K,0-5SiO2 and 
easily fuses together with lime, clay, and the inorganic 
materials which give colors. It is impossible, without 
such frits, to fuse a glaze directly from the raw materials 
during the firing of the glaze; in that case, the tempera- 
tures would have to be raised so high that the clay 
objects themselves would soften. The ceramists of 
that time evidently possessed excellent practical knowl- 
edge. On the other hand, it is clear that they did not 
have the slightest information as to the chemical prop- 
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erties of the materials and the essential nature of 
the processes. The error Sulaimani = ldgward is a 
striking proof of this. Since small traces of finely 
pulverized and bolted cobalt ores color glass fluxes 
deep blue, these minerals were confused with the true 
lagward, lapis lazuli. The color was formerly the main 
criterion. Confusion on the basis of color exists even 
in our day: we still speak of copper glaze (azure, azurite, 
mountain blue) and mean by it the beautiful blue basic 
copper carbonate. 

Since blue is the color of the heavens, it has been 
in popular demand in the Orient for thousands of 
years. The working of blue gems and blue coloring 
materials was well understood, but insight into the 
chemical nature of the materials and processes was 
utterly lacking. Both the great technical skill and the 
chemical helplessness are especially evident in the 
chapter on /a4gward in the ‘‘Book of Gems”’ of Muham- 
med b. Manstir. It appeared three centuries later 
than the work on the faiences, but in chemical under- 
standing it is not a step more advanced. This chapter 
was added as a supplement to the work on the faiences. 

Muhammed b. Mansir portrays observed facts sur- 
prisingly well and describes a technical flotation process 
of ore dressing that was not properly appreciated and 
used on a large scale until the twentieth century, but 
he continually confuses the true ultramarine with the 
copper glaze. Muhammed b. Mansir realizes that one 
of the blue stones contains copper; he also understands 
that one of these minerals gives the flame a variegated 
color (green and blue), but he plainly ascribes this copper 
reaction to the true /4gward, which never reacts in this 
manner. He knows a laborious but reliable process 
of extracting the valuable blue coloring material 
as a bright painters’ pigment by washing the pulverized 
waste pieces of ultramarine which have been “‘pugged,”’ 
or kneaded with oily substances, and of separating, in 
a very similar manner, the blue of copper glaze for 
painting purposes. In this case also, Muhammed b. 
Mansir confuses the true lapis lazuli with the copper 
glaze. When masses of the former are vigorously pugged 
with resin or oil, the ultramarine passes into the 
wash water, remains floating in it for a long time, and, 
when the poured-off liquid is left undisturbed, slowly 
sinks to the bottom. However, when similarly prepared 
masses of pulverized copper glaze are kneaded and 
shaken, it rises as a scum to the surface and is there 
skimmed off. In modern flotation processes such as 
flotation ore dressing, mineral and vegetable oils are 
used for the pounded ores of the heavy metals, just as 
in the days of Muhammed b. Mansir. Muhammed b. 
Mansi is well informed on the process, for he describes 
it correctly and in remarkable detail. Nevertheless, 
he cannot distinguish the materials, for he asserts that 
the true /a4gward floats and that the false sinks. _ 

Through early writings so rich in information, 
one may compare the past with the present and learn 
from almost every line how much intellectual effort was 
necessary in order to establish and develop chemistry 
as a science. 
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RECENT DEVELOPMENTS 
in the CHEMISTRY of the 
RARE-EARTH GROUP’ 


B. SMITH HOPKINS 


University of Illinois, Urbana, Illinois 


NE of the most puzzling problems that confront 
this generation of chemists is furnished by the 
rare-earth group. Here isacollection of chemical 

elements that occupies a unique position in the family 
of chemical individuals. With properties so similar 
that they are invariably found in intimate association 
in nature, making the problem of their separation a 
task of heroic proportions, they present a challenge to 
the best efforts of the most courageous. We are far 
from a complete solution of this puzzle at the present 
time. Advancement must necessarily be slow in a 
problem so intricate. But progress must continue, 
even though the immediate rewards appear meager. 
There seems to be a definitely growing interest in the 
scientific relationships of the members of the group. 
We should like to know more about each member in 


respect to such items as atomic structure, magnetic 


forces, and atomic radii. We should like to know more 
about the relationship of each element to the other 
rare earths and to all the other elements. It is by no 
means impossible that when we understand the mem- 
bers of this group better, we shall find in this knowledge 
the key that will unlock whole storehouses of informa- 
tion concerning our more important commercial ele- 
ments. 


PERIODIC TABLE 1926 
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FicuRE 1.—PeEriopic TABLE OF THE MENDELEEFF TYPE 


One of the most puzzling questions concerning the 
rare-earth group is its relationship to the periodic 
table. Many suggestions have been made for the plac- 


* Address of the Retiring President of the Illinois State Acad- 
emy of Science, read before the General Session, May 3, 1934. 


ing of this group in order to show its relationship to 
the rest of the elements. Figure 1 shows a common 
method of locating this group on a flat-surface arrange- 
ment of the table. It emphasizes the fact that the rare- 
earth elements have similar properties with a character- 
istic valence of three. Each could with perfect pro- 
priety be placed in the third group between barium 
(Group II) and hafnium (Group IV). Rather than 
attempt to crowd the fifteen elements into this one 
space, many authors prefer to indicate that the entire 
group belongs here and then append a supplementary 
table showing each individual element in its proper 
sequence. 

Figure 2 shows a similar plan applied to a cylindrical 





FIGURE 2.—CYLINDRICAL ARRANGEMENT OF PERI- 
opic TABLE 
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arrangement of the table. In Figure 3, there is an in- 
teresting helical plan, with all the elements of the 
rare-earth group crowded into the one space by means 
of an accordion-like extension. This gives an unusually 
appropriate setting for the group. Figure 4 shows the 
sequence of the elements arranged spirally around a 
globe. Hydrogen is at the north pole and the short 
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FIGURE 3.—PERIODIC TABLE IN TOWER FORM, AFTER 
M. CourtTINES 
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FIGURE 4.—PERIODIC TABLE IN SPHERICAL 
ForM 


series are conveniently arranged near the pole. As the 
sequence approaches the equator the longer series fall 
into position normally. The rare-earth group fills the 
equatorial belt without crowding. While the space 
adjustments in this arrangement are clever, the indi- 
vidual members of the group are brought into quite 
unnatural positions with respect to other elements. 


JouRNAL OF CHEMICAL EDUCATION 


For example, this arrangement makes it necessary to 
interpose some members of the rare-earth group be- 
tween such closely related elements as zirconium and 
hafnium, columbium and tantalum, or molybdenum 
and tungsten, while other rare earths fall into unnatural 
positions with respect to the platinum metals and the 
alkali group. Similar objections can be raised to most 
of the arrangements in which an attempt is made to give 
each member of the rare-earth group a separate space 
in the periodic table. 

As the scientific interest in the rare-earth group in- 
creases there is certain to be a greatly increased im- 
portance attached to the amount of material available 
for the study of each member of the group. Accord- 
ingly, there is increasing interest not only in the de- 
posits of rare-earth minerals themselves but also in the 
relative abundance of each individual element. Table 
1 gives a tabulation which is based on various estimates. 
The figures in the third vertical column show the 
average percentage of each individual element in the 
rare-earth content of all available rare-earth ores.' 
It is interesting to note that cerium, the most abundant 
member, makes up nearly one-third of the entire group, 
while illinium, the rarest member, is not more abun- 
dant than 0.02 of one percent. When these values are 
plotted against atomic numbers, as in Figure 5, we see 


TABLE 1 
ABUNDANCE OF THE RARE EArTHS* 


Percentage Percentage 
of the in the 
Atomic rare-earth earth’s 
number Symbol group crust 
La 0.00007 
Ce 0.00031 
Pr 0.00005 
Nd 0.00018 
ll ' 0.0000002 
Sm 7 0.00007 
Eu , 0.000002 
Gd 0.00007 
Tb 0.00001 
Dy 0.00007 
Ho 0.000012 
Er 0.00006 
Tn 0.00001 
Yb 0.00007 
Lu 5 0.000015 
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99.92 

* Since the preparation of this manuscript, Mr. W. L. Lemcke 
has pointed out that these figures seem to suggest the presence of 
four approximate levels of abundance. If the average abun- 
dance in the lowest level is called 1, then the second level is ap- 
proximately 8 (8 X 1), the third level 20 (8 X 21/2), and the 
highest level is 40 (8 X 5). He suggests that these figures, which 
are at best only rough estimates, may indicate a connection with 
the law of octaves. 


that the even-numbered members of the group are al- 
ways more abundant than the neighboring odd-num- 
bered members. This interesting fact suggests that 
there must be some reason connected with the structure 
of these atoms which gives greater stability to the 
groupings with an even number of electrons. At 

1 These figures are furnished by GOLDSCHMIDT AND THOMASSEN, 
Videnskapschelskafets skrifter I Matemat-Naturv. Klasse (Kris- 
tiana), 1924, No. 5, p. 49. The estimate for illinium is based on 


the statement of Dr. G. R. Sherwood that illinium in monazite 
is approximately one-tenth as abundant as europium. 
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present our information does not furnish a satisfactory 
explanation. 

The last vertical column in Table 1 shows the frac- 
tion of the earth’s crust that is composed of the rare- 
earth group. These figures are based on Dr. H. S. 
Washington’s statement that the entire group com- 
prises about 0.001 per cent. of the earth’s crust. While 
the percentage of the most abundant members of the 
group is extremely small, it is to be noted that cerium 
is more common than cadmium, tin, mercury, antimony, 
molybdenum, silver, tungsten, bismuth, gold, or plati- 
num. Likewise the least abundant member of the 
group, illinium, which makes up only about two ten- 
millionths of one per cent. of the earth’s crust, is still 
presumably a thousand times more abundant than ra- 
dium, whose commercial importance is considerable. 
Therefore, it seems safe to conclude that if any single 
member of the rare-earth group is shown to possess 
striking individual properties of value, the scarcity of 
the element will not be an insurmountable obstacle in 
the pathway of its commercial development. 
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FIGURE 5.—ABUNDANCE OF THE RARE EARTHS PLOTTED 
AGAINST ATOMIC NUMBERS 


A study of the atomic structures of the members of 
the rare-earth group (Table 2) shows the slight 
differences between succeeding members. For com- 
parison there are also shown the structures of cesium 
and barium immediately preceding the rare earths as 
well as hafnium and tantalum, the first elements follow- 
ing the group. It is to be noted that the valence of the 
rare earths remains essentially constant and that the 
only structural differences come from the addition of 
successive electrons in the 44 shell. With such strikingly 
similar structures, it is natural to expect that these 
atoms will have similar properties and that their 
separations from one another will be extremely difficult. 

Formerly the valence of the rare-earth group was by 
definition limited to three, and any member like cerium 
that showed a valence of four was eliminatedas though 
it were an intruder. While the rare earths are still to 
be regarded as characteristically trivalent in nature, 
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recent studies have shown that both higher and lower 
valences exist. Figure 6 shows these anomalous 
valences. Quadrivalent compounds of cerium are well 
known and important. Praseodymium is also quadri- 
valent, possibly occasionally pentavalent. Quadri- 
valent compounds of terbium have recently been 
shown to exist. Since cerium, praseodymium, and 
terbium may be oxidized, it might be logical to expect 
that dysprosium would also show a higher valence, 
although no such compounds have yet been reported. 
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TABLE 2 
ATOMIC STRUCTURES OF THE ELEMENTS 
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Ba 56 


La 57 
Ce 58 
Pr 59 
Nd 60 
Il 61 
Sa 62 
Eu 63 
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In similar manner samarium, europium, and ytter- 
bium may be induced to show a valence of two by elec- 
trolytic reduction. Since terbium is the seventh ele- 
ment from cerium and ytterbium is the seventh ele- 
ment after europium, it might be assumed that these 
anomalous valences occur at uniform distances. If 
this reasoning is correct, then thulium, the seventh 
element after samarium, should form bivalent com- 
pounds. While none have yet been prepared, efforts 
are being made to find the conditions under which 
thulium salts will be reduced. Here again is a peculiar 
situation requiring an extended study of atomic struc- 
tures for explanation. 

These irregular valences are becomifig useful in the 
difficult task of separation. Cerium has long been 
separated effectively from its neighbors in a single step 
consisting of boiling the oxidized solution. Ceric salts 
are easily hydrolyzed and precipitated as basic salts. 
Similar methods are being sought for the separation of 
praseodymium, terbium, and possibly dysprosium. 

When the rare-earth elements become bivalent the 
solubilities of their salts are like those of barium and 
strontium. Accordingly, when europium and ytterbium 
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salts are subjected to cathodic reduction in the presence 
of the sulfate ion, difficultly soluble EuSO, and YbSO, 
are precipitated. These separations from simple mix- 
tures are nearly quantitative and they mark a distinct 
advance in rare-earth chemistry, because both of these 
elements have up to the present been almost impossible 
to isolate. When applied to complex mixtures contain- 
ing only a small proportion of europium and ytterbium 
there is greater difficulty in effecting a separation, but 
the coprecipitation of SrSO, is helpful. Reduction of 
these elements by zinc in a modified Jones reductor is 
likewise effective. If by modifying the conditions we 
could devise a method for the isolation of samarium and 
thulium the work of the rare-earth chemist would be 
vastly simplified. 

All metals of the rare-earth group are fairly active, 
but their hydroxides do not furnish a high concentra- 
tion of hydroxyl ion because of their insolubility. 
There are considerable differences in the basicities of 
the various members of the group. Table 3 shows an 
attempt to reduce these values to a ratio by using the 
basicity of Y(OH); as unity. It is to be noted that 
lanthanum is much the most basic member of the group 
and it is safe to say that La(OH); is the strongest tri- 
valent base that we know. It is also important to 
notice that the ratios between these values are rela- 
tively large, at least in some cases. For example, lantha- 
num is 11 times as basic as praseodymium while 
neodymium is nearly 6 times as basic as samarium. 


TABLE 3 
BASICITIES OF SOME RARE-EARTH ELEMENTS 


Atomic number 57 59 60 62 64 39 66 
Element La Pr Nd Sm Gd y Dy 
Relative basicity 1300 80 47 8 3.4 1 0.5 


Some of our most useful methods of separation are 
based upon these differences in basicity. As a conse- 
quence the order of decreasing basicity becomes a mat- 
ter of great importance. In Table 4 we have a tabula- 
tion of the order as it is reported by various workers, 
using various methods and conditions. It is evident 
that there is little question concerning the order of 
decreasing basicity in Zones 1 and 3, but in the center 
the order of basicity is in much doubt. This situation 
undoubtedly results from the fact that in the center 
of the group there are less differences in basicity than at 
either end. Because of the importance of accurate in- 
formation upon the order of basicity we have under- 
taken to measure these values for the entire group, 
using a common method throughout. The hydrolysis 
of the rare-earth nitrite was selected as a suitable 
method because conditions can be accurately controlled 
and the method is easily applied to all parts of the group. 
As usually applied this method consists in adding 
NaNO, to a neutral solution of the rare-earth nitrates 
and boiling until those elements which are the least 
basic are precipitated while the elements of greater 
basicity remain in solution. By filtering off the pre- 
cipitate, a partial separation of the mixture of salts in 
accordance with the relative basicity of the elements 
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present is accomplished. We found that the differences 
in basicity between illinium, samarium, europium, 


TABLE 4 
ORDERS OF BASICITY ASSIGNED TO RARE-EARTH ELEMENTS 
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and gadolinium, the elements in Zone 2, were so 
slight that the usual methods of procedure were not 
adequate. Consequently a method of fractionation by 
which these slight differences are magnified was de- 


FIGURE 7.—PLAN SHOWING STEPS IN THE 
CONCENTRATION OF THE RARE EARTHS BY 
INTENSIVE Basicitry METHOD 


vised. Figure 7 shows diagrammatically the method 
used. The solid arrows indicate the way in which the 
precipitates were combined and the broken arrows the 
path of the mother liquor. In this way slight differ- 
ences in basicity were intensified and actual separations 
accomplished. As a result of this work it has been es- 
tablished that the order of decreasing basicity through- 
out the rare-earth group is exactly the order of increas- 
ing atomic number. If yttrium (No. 39) were included 
in the rare-earth group it would form an exception to 
this statement since in basicity it falls between illinium 
(No. 61) and samarium (No. 62). 
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The concentration of illinium by methods of frac- 
tional crystallization is well-nigh impossible because 
this extremely rare element is always associated with 
other elements which are vastly more abundant and 
whose salts differ but slightly in solubility. By apply- 
ing this new method of intensifying the differences in 
basicity we have greatly speeded up the concentration 
of illinium. In Figure 8 the percentage of illinium is 
plotted against the respective numbers of fractiona- 
tions by the two methods. It is seen that 25 basicity 
fractionations effect about twice as great a concentra- 
tion as is accomplished by 2000 fractionations of the 
double magnesium nitrates. 
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FIGURE 8.—COMPARISON OF FRACTIONAL CRYSTAL- 
LIZATION WITH BASICITY PRECIPITATION 


Fractional crystallization increases the illinium 
content rapidly at first, but it soon becomes in- 
effective (lower curve). The upper curve shows 
that twenty-four fractionations by intensive 
basicity precipitation double the illinium content. 


The metals of the rare-earth group are also interest- 
ing from the standpoint of their magnetic properties. 
It is found that their magnetic susceptibilities, when 
carefully measured, show greater variation than can be 
detected in any other property. The magnetic sus- 
ceptibilities of mixtures are strictly additive. As a 
consequence, in simple mixtures, this property furnishes 
the most accurate means of analysis that we have. An 
accuracy of 0.1 per cent. has been claimed for mixtures 
of the compounds of two elements. Figure 9 shows the 
coefficients of magnetization plotted against the atomic 
numbers. 

A subject of increasing interest in the rare-earth field 
has to do with their utilization. Extensive use is now 
made of mixtures of members of this group and great 
interest has lately developed in regard to the com- 
mercial applications of some of the more abundant 
members of the group. It is obvious that practical 
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uses for the pure forms of the less abundant members of 
the group will be much more difficult to discover. One 
of the most interesting of recent developments has been 
the utilization of the octohydrate of gadolinium sulfate 
for the production of extremely low temperatures. 
This work is noteworthy because of the near approach 
to the absolute zero, because it uses an entirely new 
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FIGURE 9.—MAGNETIC SUSCEPTIBILITIES PLOTTED 
AGAINST ATOMIC NUMBERS 
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FicuRE 10.—DIAGRAM OF THE APPARATUS 
USED IN THE PRODUCTION OF EXTREMELY LOW 
TEMPERATURES BY THE USE OF RARE-EARTH 
SALTS 


principle in achieving this end, and because it uses a 
single relatively rare member of the rare-earth group in 
a high state of purity for a specific purpose. 

When Gd2(SO,)3-8H2O is placed in a magnetic field 
it transforms some of the magnetic energy into heat and 
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becomes warm. Under ordinary conditions the tem- 
perature change is not great. When, however, the 
octohydrate is first cooled to the temperature of boil- 
ing helium and a magnetic field of 20,000 gauss is used, 
the thermal transition is relatively large. Figure 10 
shows a diagrammatic arrangement of an apparatus for 
this work. The gadolinium material is placed in a tube 
suspended from a balance. This tube is placed in a con- 
tainer which is filled with gaseous helium at -low 
pressure, and surrounded by liquid helium. The system 
is isolated from external heat by two concentrically 
placed Dewar tubes. When a powerful field is applied 
to the rare-earth material it becomes warm and imparts 
part of its heat to the helium gas. If this is now pumped 
off and the magnetic field is removed, the resulting 
temperature must be lower than the initial temperature. 
This method has been used in various laboratories and 
with such compounds as cerium sulfate, cerium fluoride, 
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and dysprosium ethyl sulfate substituted for the gado- 
linium sulfate. Temperatures which are within 0.09 
of a degree of absolute zero have been obtained by the 
use of these rare-earth salts in this manner, although 
the lowest temperature yet obtained, 0.0002 of a degree 
above absolute zero, was obtained by using potassium 
chrome alum as a magnetic salt. It is interesting to 
speculate as to the possibilities of obtaining tempera- 
tures which are actually below that of the mythical 
“absolute zero.” 

It is quite possible that other members of the rare- 
earth group might be more effective in producing low 
temperatures than those already tried. We should like 
to know what peculiarities of atomic and molecular 
structures make this behavior possible. We should also 
like to learn whether pure rare-earth salts are required 
for the display of this phenomenon or whether a mixture 
of these salts would be equally effective. 





ENRIQUE MOLES* 


THE outstanding Spanish chemist of the present era 
is Enrique Moles, born at Barcelona, July 25, 1883. 
Although his first advanced degree was Doctor of 
Pharmacy (Madrid, 1905), he soon turned his chief 
attention to inorganic and physical chemistry. He 
studied at Munich and Leipzig (1908-10) and then, 
after two years as Professor of Inorganic Chemistry in 
the Pharmacy Faculty at Madrid and also as Professor 
of Physical Chemistry at the Laboratory for Physical 
Investigation, he went to Switzerland, first as Fellow 
at Zurich (1912) and later (1915-17) as Fellow, then 
Privatdozent, at Geneva, where, in 1916, he was awarded 
the degree of Docteur és Sciences Physiques. In 1920 
he was granted his Doctorate of Chemical Science at 
Madrid. Since 1927 he has occupied the chair of 
Inorganic and Physical Chemistry in the Faculty of 
Chemical Sciences at Madrid, and since 1931 he has 
also been Chief of Section at the National Institute for 
Physics and Chemistry. 

In 1910 he published the first of his more than 150 
papers that have appeared in the leading periodicals of 
Spain, Germany, England, France, Italy, and Holland. 
These have dealt with non-aqueous solutions, molecular 
volumes and additivity, constitution of hydrates, 
magneto-chemistry, inorganic complexes, etc. In par- 
ticular, he has, since 1916, issued a series of fundamental 
studies, both critical and experimental, dealing with the 
atomic weights of bromine, fluorine, oxygen, nitrogen, 
sodium, iodine, carbon, sulfur, argon. This work has 
led to review not only of the values for these elements 
but also of those of hydrogen, potassium, chlorine, 
and silver. The most interesting item in this study was 
the demonstration that the values for the halogens ob- 
tained by physico-chemical methods and by purely 
chemical methods are concordant, a finding that closed 


* See frontispiece. 


the long discussion between the two schools headed 
respectively by Guye of Geneva and Richards of Har- 
vard. Moles has definitely established the value of the 
normal liter of oxygen and consequently of the normal 
molecular volume of all gases, a constant that frequently 
occurs in the fundamental formulas of atomistics. His 
results are accepted as standard in such works as In- 
ternational Critical Tables, Landolt-Bérnstein, Tables 
annuelles internationales de Constantes. Prizes and 
subventions have been granted to him not only by 
Spanish organizations, but also by R. Academia dei 
Lincei of Rome, the Solvay Fund of Brussels, the van’t 
Hoff Fund of Amsterdam. 

Honors have come to him in full measure: Spanish 
Academy of Sciences, National Council of Education, 
Vice President of the International Union of Chemistry, 
Permanent Commission of the Table of Constants of 
Physical Chemistry, former President and now General 
Secretary of the Spanish Society of Physics and Chem- 
istry, General Secretary of the [Xth International Con- 
gress of Pure and Applied Chemistry, Chevalier de la 
Légion d’Honneur, etc. He is a member of many 
chemical societies and has frequently represented Spain 
at international conferences on chemistry. More than 
40 doctorate theses have been prepared under his 
direction and 14 studies for admission to higher faculties 
have been supervised by him. Offers of chairs of 
physical chemistry at Munich, Zurich, and Baltimore 
testify to his international reputation. 

He was or is collaborator in: Landolt-Bérnstein, 
Tables annuelles, Journal de chimie physique, Zeit- 
schrift fir phystkalische Chemie, Anales de la sociedad 
espanola de fisica y quimica. The JOURNAL OF CHEMI- 
CAL EDUCATION may point with pride to its Foreign 
Editor for Spain. 

(Contributed by Ralph E. Oesper, University of Cincin- 
nati.) 
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DITHIZONE as an 


The discovery of the compound, diphenylthiocarbazone 
(dithizone), and its applications to the qualitative and 
quantitative analysis of many of the heavy metals are re- 
viewed. As yet, its most important usage is in the estima- 
tion of minute amounts of lead and the various ways in 
which these determinations have been carried out are 
indicated. The sources, preparation, and stability of the 
reagent are mentioned. 


++ eee re 


O THE casual observer and occasional user of 
ss analytical procedures it may be of no particular 

significance that organic chemistry has become an 
important ally of its sister branch, inorganic qualita- 
tive and quantitative analysis. Certain organic com- 
pounds such as dimethylglyoxime, alizarin, ‘‘aluminon,”’ 
“cupferron,’’ and the pH indicators are so familiar be- 
cause of long usage that one may not think of them as 
representatives of a whole class of substances which 
may be used for similar purposes. But if this same 
casual observer is made to realize that analytical meth- 
ods are being simplified, are being speeded up, and, in 
some cases, are being made more accurate through use 
of special organic reagents, he will at once become in- 
terested. Anything which will eliminate tedious hours 
of weighing, of filtering, and of ignition or drying to 
constant weight is of great importance to every chemist 
and laboratory. 

Many of the organic analytical reagents find most 
application to cases where the concentration of the 
sought-for element or radical is very low. In these 
cases the analysis is generally dependent on a dis- 
tinctive coloration which serves as a qualitative indi- 
cation, and oftentimes the intensity of this coloration 
can be used for a quantitative estimation. Other 
reagents, such as 8-hydroxyquinoline or anthranilic 
acid, are simply precipitants which have one advantage 
or another over inorganic precipitating agents. 

Dithizone is a reagent of the first class: it is most 
valuable for low concentrations and it is a color-produc- 
ing substance. It was first used in this country in 1933 
(1), and because of the comparative recency of its 
introduction and the multiplicity of its possible applica- 
tions it is worthy of particular consideration. 

Diphenylthiocarbazone—the complete name for di- 
thizone—was first made and studied by Emil Fischer 





* Presented at the 12th Ohio-Michigan Regional Meeting of 
the American Chemical Society in Toledo, Ohio, October 19, 1935. 
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(2) in 1882 as a part of his work on the structure and 
reactions of phenylhydrazine. The preparation is 
relatively simple and direct as indicated by the equa- 
tions: 





Phenylhydrazine 
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On warming of the carbazide in alcoholic potassium 
hydroxide solution, a mutual oxidation-reduction oc- 
curs, thus: 
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Phenylthiosemicarbazide 


The diphenylthiocarbazone is soluble in the alkali 
and is precipitated therefrom by dilute acid. 

In practice, it seems to be easy to get dithizone but 
not so easy to get it in a pure state. When first pre- 
cipitated it probably retains some of the semicarba- 
zide. This may be removed by redissolving in dilute 
aqueous alkali and again precipitating by acid. The 
precipitated mass is very likely to hold some of the 
inorganic salt formed upon acidulation of the alkaline 
solution and must be washed thoroughly with water 
for purification from this contaminant. 

Emil Fischer noted the acid nature of dithizone and 
the formation and color of its zinc salt. Apparently 
no one attempted to use it as an analytical reagent, 
however, until Hellmut Fischer took up the study of 
the metallic dithizonates and their possible applications 
in analytical chemistry in 1925. To him goes most of 
the credit for the present knowledge and usefulness 
of this organic compound (3). In the most compre- 
hensive of his several papers (3f) the following metals 
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are said to give distinctive reactions with dithizone: 
Cu, Ag, Au, Zn, Cd, Hg, Tl (ous), Sn (ous), Pb, Bi, 
Mn (ous), Co, Ni, Pd, and Pt. It is pointed out that, 
with the exception of Mn and the Group VIII metals, 
these elements all fall in the B families of the various 
periodic table groups. 

The nature of the reaction which takes place between 
the dithizone and a metallic salt and the structure of 
the resulting compound are matters of conjecture. 
Fischer (3f) gives possible formulas of the compounds 
as obtained with a mono-, a di-, or a trivalent metal 
when in acidic and basic solutions. For the present 
discussion it is sufficient to point out the following as 
facts of most practical importance: (1) the pH of the 
solution determines the type and the stability of the 
metallic complexes—generally a dithizonate capable 
of formation and existence in an alkaline solution will 
be decomposed by the addition of acid to lower the 
pH below 7, and conversely, the dithizonates formed in 
an acid solution are unstable in the presence of a base; 
(2) the dithizone molecule acts as a monobasic acid 
usually and the metallic dithizonates are formed by re- 
placement of one of the hydrogens in the group 

H H 
am 

S=C—N—N—-; (8) there may be some type of ring 
formation in some cases to increase the valence of the 
dithizone radical to two; (4) the lead complex, how- 
ever, which is capable of formation and existence in a 
slightly alkaline solution is known to have the com- 
position PbD: where D is the monovalent dithizone 
radical; and (5) with those metallic ions which are 
capable of easy reduction—such as Hg (ic), Au (ic), 
and Au (ous)—oxidation of the reagent may precede 
or accompany the usual salt formation. 

As stated above, the principle involved in the use of 
this reagent is that of color formation. Dithizone it- 
self dissolves in chloroform (and to a lesser extent in 
carbon tetrachloride and other inert organic solvents) 
to give a green color; the metals mentioned above 
yield complexes which are also somewhat soluble in 
chloroform and impart to their solutions colors ranging 
from shades of violet to distinct red and orange shades. 
Therefore, the basic procedure to be followed in qualita- 
tively analyzing for some particular ion is to shake some 
of the dithizone solution with a properly prepared 
aqueous solution. A color change in the chloroform 
layer indicates the presence of the metal. A little re- 
flection on the various factors involved will lead to an 
understanding that the sensitivity of the test can be 
controlled through regulation of (1) the concentration 
of the dithizone, (2) the relative volumes of the re- 
agent and tested solutions, (3) the thoroughness with 
which the two immiscible liquids are shaken together, 
and (4) the pH of the aqueous solution. Consequently, 
an exact statement cannot be made of the minimal 
weight of a metal which can be detected by dithizone 
unless the conditions of making the test are defined. 
It may be stated, however, that by ordinary test-tube 
technic and without taking any particular precautions 
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to increase the delicacy of the reaction, one can expect 
quantities of a metal down to 1 to 5y* to be readily 
detectable. Assuming 27 of one of the metals reactive 
toward dithizone to be present in 10 cc. of solution 
(a convenient volume to use with 1 cc. of reagent solu- 
tion) and assuming that a distinctive coloration occurs 
on shaking this with some of the dithizone solution, 
the sensitivity, in terms of concentration, may be said 
to be 0.2 part per million. 

The delicacy of the test for a metallic ion may be in- 
creased approximately one hundred times by use of a 
micro-technic employing diminutive test-tubes or spot 
plates. It has been reported that amounts of zinc as 
small as 0.025y can be detected (4), and that the di- 
thizone detection of minute traces of lead in urine is 
more satisfactory than the spectroscopic method (5). 

In quantitative analysis of the heavy metals, di- 
thizone has been found useful in two different ways: 
(1) for a preliminary extraction of the sought-for 
metal from undesirable impurities or excessive amount 
of solvent as preparation for determination by some 
other means, and (2) for the actual determination of the 
amount or concentration of the metal. 

The concentrating action of the reagent is obvious 
upon consideration of the relative volumes of the aque- 
ous and chloroform solutions. One may use 5 cc. of 
dithizone solution with 100 cc. of water solution of 
zinc, for example, and by thoroughly shaking them to- 
gether he may extract all of the zinc from the water 
(provided, of course, the amount of zinc is less than 
equivalent to the amount of dithizone in the 5-cc. 
solution), and thereby effect a concentration to 5% 
of the original volume in a small fraction of the time 
required to boil away the water. If it should then be 
necessary to get the metal back into a water solution, 
a little concentrated hydrochloric acid may be added 
to liberate the dithizone from the metallic complex and 
to return the metal into the acidic aqueous phase. 

In order to evaluate the possibilities of extracting 
one of the metals from others which may interfere in 
some particular analytical procedure one should refer 
to H. Fischer’s paper (3f) describing the groups into 
which metals may be placed in accordance with their 
reactions toward dithizone. Four groups are obtained 
as follows: (A) Pd, Au, Hg, Ag, and Cu are the metals 
reacting in an acid solution; (B) ina slightly acid solu- 
tion, buffered to a pH of about 6, Zn is most sensitive 
to dithizone (large amounts of Co, Ni, Pb, and Cd are 
said to interfere, however, by producing some colora- 
tion also); (C) in a slightly alkaline solution containing 
CN’, Sn (ous), Tl (ous), Pb, and Bi are reactive; and 
(D) in a strongly alkaline solution containing tartrate 
ion, Co, Ni, and Cd are affected. Within each of these 
groups Fischer gives ways of distinguishing between 
the members of the group so that a whole scheme of 
qualitative analysis for these metals is set up. 

A review of the literature reveals an uncertainty in 
regard to the effect of acidity on the reaction of the 


* The symbol y is used to represent a microgram; 17. e., 0.001 
milligram. 
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bismuth ion with dithizone. Although there is no doubt 
that it produces a coloration under the same conditions 
as does lead, namely in a slightly alkaline cyanide solu- 
tion, apparently it also reacts in an acid solution of 
pH 2, so that Bi may be extracted from a Pb-Bi mixture 
by first using the reagent in the acid solution (6). 
This being the case, it would seem that Fischer’s group 
A should also contain Bi, or that possibly this metal 
might make up another group coming in between A 
and B. 

In the second mode of applying this reagent to quan- 
titative analysis—‘‘for the actual determination of the 
amount or concentration’’—two general procedures 
are available. Both methods have had application as 
yet chiefly in the estimation of lead. The first of the two 
methods may be designated as titrimetric, and is su- 
perior to the second, which may be called the colori- 
metric method, when analyses are expected to cover a 
wide range of metal concentrations. However, in the 
estimation of lead as spray residues on fresh fruits and 
vegetables where the results will nearly always fall 
within the range of 0.000 to 0.025 grain of lead per 
pound the colorimetric method, wherein the colors 
obtained from the sample are compared directly to 
standard colors, is more convenient. 

In brief, the titrimetric method involves the addi- 
tion of small portions of a dithizone solution of known 
titer to the prepared lead solution (buffered to some 
fixed pH value between 7.5 and 10.0) contained in a 
separatory funnel. After each dithizone addition the 
two layers are shaken together and the lower—chloro- 
form—layer is drawn off. When it appears that the 
lead is being used up from the aqueous solution—this 
being denoted by a less rapid and complete color 
change—the dithizone additions should be very small; 
the endpoint is attained when the reagent remains 
green when shaken with the water layer. The total 
volume of reagent solution is, of course, the measure 
of amount of lead. This procedure has been success- 
fully used in the determination of minute amounts of 
lead in biological materials and is said to be sensitive 
to ly Pb (7). 

A colorimetric method has also been used for the 
determination of lead in biological materials (8). The 
particular procedure followed in this work is considered 
more cumbersome than other modifications to be de- 
scribed in the next paragraphs. Briefly described, this 
method calls for an extraction of the lead from its 
slightly alkaline water solution by excess dithizone, a 
removal of the excess dithizone from the chloroform by 
a washing with 0.1 NV ammonium hydroxide (ammonium 
dithizonate is soluble in water but insoluble in chloro- 
form), and finally conversion of the red lead dithizone 
complex back to the green of free dithizone by addition 
of hydrochloric acid. The green solution is then com- 
pared to standards by means of a colorimeter. 

By the second modification, the lead is extracted in 
the same way and excess dithizone is removed but in 
this case the lead complex is kept for colorimetric 
comparison rather than being reverted back to the 
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original reagent. This procedure has the obvious ad- 
vantage of eliminating one step, and it is said to give 
results which are reproducible to within about ly (9) 
when used for analysis of lead in spray residues or in 
biological materials. 

The third type of colorimetry is considerably differ- 
ent from the two just described. In each of the other 
modifications, precautions are taken to extract all of 
the lead from the aqueous solution and then to remove 
all excess dithizone from the chloroform layer to leave 
a solution of the pure, light-red lead dithizonate. In 
this third procedure, however, the plan is to leave the 
excess reagent in the chloroform solution so that in 
making color comparisons for finding amount of lead, 
one deals with a series of color shades ranging from pure 
greens (in the absence of any metal) through various 
bluish and purplish shades (resulting from the mixing 
of varying amounts of green and red) to, finally, a pure 
cherry red if there is enough lead to react with all the 
dithizone. This two-color colorimetry has the ad- 
vantage of permitting fairly exact lead determinations 
without the use of an expensive colorimeter; the com- 
parisons may be made satisfactorily by the unaided 
eye in daylight against a white background. For spray- 
residue lead analysis, it has been found satisfactory in 
giving results within 0.001 grain per pound* of the cor- 
rect value (1). 

A possible simplification of the method for spray- 
residue lead analysis outlined in the preceding para- 
graph is based on a fact mentioned by Fischer (3) but 
not previously considered in this discussion. Dithi- 
zone’s great affinity for many of the metals is evidenced, 
of course, by the completeness with which the ions of 
these metals are removed from their aqueous solutions. 
But the metal need not be in solution, or even in 
combination, for dithizone, in the presence of a little 
ammonia, reacts readily with solid, metallic lead, lead 
sulfate, lead arsenate, or lead ursolate.t Many of the 
other metals and their undissolved compounds react 
as well. This reactivity with the slightly soluble lead 
compounds has led to an attempted perfection of a 
procedure whereby the dithizone solution is not only 
used to indicate amount of lead byt is also used as the 
solvent to remove the lead from the apple or other fruit. 
The lead is washed off by the dithizone which changes 
in color corresponding to the amount of lead removed 
(10). 

Another adaptation of dithizone to a practical 
analytical problem has been made in identifying highly 
heated milk. It is said that if as much as 3% to 5% 
of heated milk be added to a raw milk the addition can 
be detected by the coloration produced in the dithizone 
solution. Presumably the effect is one of oxidation; 

* As used in spray-residue analyses, a difference of 0.001 grain 
per pound corresponds to an actual difference of lead in the vol- 
ume of solution used of about 7y. 

+ Ursolic acid is one of the constituents of the natural, waxy, 
protective coating of the apple. It is possible that some of the 
lead from the lead-arsenate sprays is held on the fruit as lead 
ursolate. Cf. CoHEE, R. F. AND St. Joun, J. L., Ind. Eng. 


Chem., 26, 781 (1934), and SELL, H. M. AND KREMERS, R. E., 
Ind. Eng. Chem., Anal. Ed., 7, 105 (1935). 
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the milk probably gains in oxidizing power on being 
heated (11). 

As a final citation of published work on this versatile 
reagent, mention is made of its use in zinc analysis. 
In this procedure an alkaline solution of the reagent is 
recommended instead of the usual chloroform or carbon 
tetrachloride solution. With the proper precautions, 
it is claimed that 0.001 to 1.000 mg. of zinc can be de- 
termined with an error no larger than about 1% and 
the method is said to be suitable for determining zinc 
in biological materials (12). 

It seems possible that further investigation of alka- 
line aqueous solutions of dithizone might reveal this 
reagent to be useful as a precipitating agent for some of 
the heavy metals and that dithizone might thereby be 
useful as a “macro” reagent as well as for amounts 
in the neighborhood of 1 to 10007. It was in an aqueous 
alkaline solution that this compound was first used 
(3a), but it might be worth while to go back to this for 
further experimentation, because of the higher concen- 
tration of dithizone obtainable. In the adaptations 
which have thus far been made, however, it is believed 
that chloroform (u.s.P. grade) is the most satisfactory 
solvent. The reagent appears to be more stable in this 
solvent than when in carbon tetrachloride and the 
greater solubility in the chloroform is also a factor of 
occasional importance. In preparing and using the 
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reagent solution, care must always be observed in pre- 
venting harmful contamination. Of course, the solu- 
tion must not be allowed to come in contact with metals 
or their compounds. Contact with rubber must also be 
avoided, and long exposure to direct sunlight is prob- 
ably detrimental. Because of the oxidizability of the 
dithizone, strong oxidizers must be carefully avoided 
also. If care is taken in making and storing a solution 
(in a brown, glass-stoppered bottle) there should be no 
appreciable change in six to eight weeks. If it is de- 
sired to keep a solution for longer periods it may be 
done by covering it with a layer of sulfurous acid solu- 
tion to prevent oxidation by atmospheric oxygen. 

The proper concentration of the reagent is deter- 
mined by the use to be made of it, but in general it 
will be best in the range of 15 to 50 milligrams per 
liter. 

A preparation of diphenylthiocarbazone was outlined 
in the first part of this discussion; it is not recom- 
mended, though, that one attempt this preparation 
for the purpose of getting the analytical reagent. More 
detailed directions must be published before the average 
chemist will find it as satisfactory to make his dithizone 
as to purchase it. It is marketed in this country at 
present by the Eastman Kodak Company, the G. 
Frederick Smith Chemical Company, and possibly by 
other concerns. 
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787-806 (1934). 

Kraus, J., Z. ges. exptl. Med., 95, 484-40 (1935). 
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A NEW MONUMENT TO D. I. MENDELEEFF IN LENINGRAD 
B. N. MENSCHUTKIN 
Industrial Institute, Leningrad, U. S. S. R. 


IN THE celebrations connected with the centenary 
of the birthday of Dm. Iv. Mendeléeff in 1934 a promi- 
nent part was taken by the Institute of Metrology and 
Standardization of the U. S. S. R.—the former Central 
Chamber of Weights and Measures, created by Men- 
deléeff, who served as its president from 1892 up to 
the time of his death in 1907. This Institute (which 
possesses a large museum containing many very in- 
teresting relics of Mendeléeff, his work, and of his col- 
leagues) resolved in 1934 to erect a lasting monument 
to his memory in the form of an immense periodic 
table. Owing to unexpected difficulties the execution 
of this project had to be postponed until the year 1935. 

Constructed during the spring and autumn of last 
year, the monument was inaugurated on November 6. 
The proceedings began with an introductory,word by 
the president of the special commission under whose 
supervision the actual work was accomplished. He 
gave some particulars about the table—its dimensions 


(68.2 square meters), cost (50,000 roubles), construc- 
tion (mosaic work calculated to withstand the ravages 
of our climate). Thereafter, Professor Emeritus A. A. 
Ivanov, one of the foremost members of the Institute, 
read a paper on D. I. Mendeléeff and his metrological 
work. 

The guests—about one hundred leading scientists of 
Leningrad—and the members of the Institute then 
attended the formal unveiling of thé table. It is 
placed on the wall of the adjoining building; the wall 
was remodeled so as to form a fitting background. 
The table is perfectly visible from the adjoining busy 
thoroughfare, as shown by the photograph taken from 
the gates of the Institute, and represents the periodic 
system as given by Mendeléeff in 1906 in the eighth 
(last) edition of his ‘‘Fundamentals of Chemistry,”’ 
completed by elements discovered up to the present 
time. These are colored blue, the elements of the 
original table being in red. 





An ADVANCED COURSE in 
GENERAL CHEMISTRY BASED 
on SCIENTIFIC JOURNALS 


VAUGHN W. FLOUTZ : 


Defiance College, Defiance, Ohio 


HE chemistry departments of many colleges 

offer courses in advanced general chemistry 

which have as a prerequisite one year of general 
chemistry. These advanced courses differ widely in 
point of subject matter; some are based on an inten- 
sive study of the periodic system of elements, some are 
largely courses in industrial chemistry, and yet others 
border on physical chemistry. Many instructors 
change the nature of the advanced general chemistry 
course from year to year to suit their own whims, or per- 
haps those of the majority of the students in the class. 

The writer wishes to outline here, rather briefly, a 
course in advanced general chemistry which he has 
found in actual practice to be quite successful. The 
course here described has been given as a semester 
course of eighteen weeks, with two class periods per 
week. The only prerequisite was one year of college 
chemistry. No textbooks were used in the course; 
all the material was obtained from scientific journals and 
periodicals of the past few years. The most important 
of these publications, from which the greater portion 
of the material was taken, are (1) JOURNAL OF CHEMI- 
CAL EpucaTIion, (2) Industrial and Engineering Chemts- 
try, (3) Chemical & Metallurgical Engineering, and (4) 
The Science Leaflet (formerly Chemistry Leaflet). 
Other scientific publications were used to a lesser de- 
gree; however, the above four formed the basis for the 
course. 
The various topics which were covered during the 

semester are listed as follows. 


The Rarer Gases of the Atmosphere. 
Nitrogen, Nitrogen Fixation. 

The Halogens. 

Water, Purification of Water, Heavy Water. 
Sulfur, Selenium, and Tellurium. 

Iron and Steel. 

Aluminum. 

Copper. 

Other Metals and Ores. 

Alloys. 

Ceramic Industries. 
Paint. 

Cellulose, Cellulose Derivatives. 
Plastics, Synthetic Resins. 


(a) Cement. (6) Glass. 


eet ett 
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The fourteen topics listed group themselves naturally; 
the first five deal with non-metals, the next five with 
metals, and the final four cover material of a more 
diversified nature. 


The material was presented and the classes were 
conducted in the following manner. Under each topic 
were listed a number of references to periodical articles 
which treated some phase of the subject under con- 
sideration. These references were given to the students 
for outside reading at the beginning of each topic study, 
and certain references were assigned to individual stu- 
dents for oral reports. These reports were from ten to 
twenty-five minutes in length, depending upon the 
articles. It was required that the reports be given with 
notes only for reference. Following the reports, the 
class was given over to a general discussion of the topic 
under consideration. Students were encouraged to 
bring material of interest from sources other than the 
specific references. To illustrate just how the refer- 
ences for the various topics were worked out, those for 
“The Halogens”’ and for “Aluminum” are given. 


The Halogens. 

(a) ‘The Halogens.” 
The Science Leaflet, 8, 129-46 (1934). 

(b) “The Chemistry of Fluorine,” Don M. Yost and John 
B. Hatcher, J. CHEM. Epuc., 10, 330 (1933). 

(c) ‘Commercial Extraction of Bromine from Sea Water,” 
Leroy C. Stewart, Ind. Eng. Chem., 26, 361 (1934). 

(d) ‘New American Iodine Industry,” G. Ross Robertson, 
Ind. Eng. Chem., 26, 376 (1934). 


Aluminum. 

(a) “Aluminum.” 
The Science Leaflet, 8, 929-50 (1935). 

(b) “The Story of Aluminum,” Harry N. Holmes, 
J. Cuem. Epuc., 7, 232 (1930). 

(c) ‘Modern Technology in Producing Pig Aluminum,” 
R.S. McBride, Chem. & Met. Eng., 34, 76 (1927). 

(d) ‘Some Commercial Applications of Aluminum,’’ Doug- 
las B. Hobbs, J. Cuem. Epuc., 7, 245 (1930). 

(e) ‘‘Aluminum in the Chemical Industry,” Francis C. 
Frary, Ind. Eng. Chem., 26, 1231 (1934). 


Items (0), (c), and (d) under “‘The Halogens,’’ and 
(b), (c), (d), and (e) under ‘“‘Aluminum,”’ were assigned 
to certain class members for reports. The references 
for the other topics were worked out in a similar 
manner. After the completion of the study of a 
group of topics, tests were given to determine the 
student’s grasp of the material, and to encourage him to 
take notes on the oral reports and the references as- 
signed for outside reading. 

Students taking such a course as the one herein dis- 
cussed are benefited in several ways. Perhaps the 
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greatest value in presenting a course in this manner 
lies in the fact that the student uses the journals and 
periodicals, rather than a textbook, as a foundation for 
the course. Thus, he becomes familiar with, and 
learns to appreciate, some of the more important jour- 
nals in the field of chemistry. Too often we hear the 
statement that ‘‘a student without a textbook is lost.” 
Another desirable feature is the opportunity given 
the student to present orally before his classmates the 
substance of a scientific article, and to then lead the 


class discussion of his report. 

Such a course in advanced general chemistry as is 
here outlined is obviously highly flexible. Other topics 
and references than those here indicated might be 
used without changing the nature of the course and its 
manner of presentation. Once set up it can be brought 
up to date from year to year by adding new references 
as appropriate articles appear in the journals. Oc- 
casionally, it may seem advisable to add new topics at 
the expense of some of the older ones. 





PNEUMATIC TROUGH FOR THE GENERAL LABORATORY 


WILLIAM H. POWERS anv JOHN WACLAWIK 


Alliance College, Cambridge Springs, Pennsylvania 


IN HIGH-SCHOOL and elementary college work, 
gases are usually collected in ordinary wide-mouthed 
8-oz. bottles. In spite of the fact that this is one of the 
most common laboratory operations no improvements 
have been made in the pneumatic trough in years, 
as shown by perusal of the catalogs of the apparatus 
companies. The old-style trough is hard to operate, 
the bottles tip over easily, and removal of one bottle 
often causes loss of gas from another. The writers have 
been experimenting with various devices to overcome 
these difficulties and have found the device shown to 
be very satisfactory. 

A circular plate of copper is cut from sheet copper 
to fit an ordinary two-quart stew pan at the bottom. 
On the disc are soldered four curved strips of copper 
with openings to accommodate the delivery tube from 
the generator. All dimensions are shown on the ac- 
companying drawing. The strips may also be welded 
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or crimped on. The edges of the disc may be crimped 


up or left flat. Advantages are that the bottles can- 
not tip over, they can be left in the trough, and that 
both hands of the student are free for other manipula- 
tions. If the edges are bent up the entire tray can be 
lifted out of the pan without losing gas. The piece 
can be made by any tinsmith or handyman and the 
cost is very small. The pans can be used for many 
other laboratory purposes and ten discs can be stored 
in a space 18 cm. by 13cm. square. All dimensions are 
shown in drawing. The copper is 16-0z. plate. Material 
cost is eleven cents each. Gases form a slight oxide 
film only. 





NOTE on FREE ENERGIES 


THOMAS W. DAVIS 


New York University, University Heights, New York City 


HILE the fundamental criterion of a spon- 

taneous change, according to the second law of 

thermodynamics, is that the change be ac- 
companied by a net entropy increase, this criterion is 
seldom used in the discussion of chemical reactions. 
Instead a secondary, but related, requirement is 
applied—that any spontaneously occurring reaction 
must take place with a decrease in free energy. The 
elementary texts in physical chemistry, however, do 
not satisfactorily show that the two criteria are equiva- 
lent and students are likely to gain the impression that 
free energies and entropies are only remotely related 
although it is quite easy to show by means of an ex- 
ample that they amount to the same thing. 


A PROBLEM IN FREE ENERGY 


Consider the data for the combination of aluminum 
and oxygen at 298°K. and atmospheric pressure to 
form aluminum oxide—by experiment known to be a 
spontaneous process. 


2Al + 3/2 O2. + Al,O; + 376,670 cal. 


The entropy of the three substances involved as 
determined from specific heat data, with the assump- 
tion of the third law of thermodynamics, is 13.64, 72, 
and 12.8 entropy units (E.u. or calories per degree) for 
the two gram atoms of aluminum, the three half-moles 
of oxygen, and one mole of aluminum oxide, respec- 
tively. 

Ask the student whether the reaction is accompanied 
by a net entropy increase as required by the second law, 
and he probably will write down 

AS = Sano; — 2 Sai — 3/2 So: 
12.8 — 13.64 — 72 
— 72.84 E.U., 


where AS is the net entropy change resulting from reac- 
tion, Saj,0, is the entropy of aluminum oxide per mole 
at 298°K.., etc. 

As thus calculated, the entropy change seems to be 
negative, and the student might say the reaction is not 
spontaneous. Obviously, he has neglected the en- 
tropy change in the surroundings, which will be 
376,670/298 or +1252 entropy units if the surroundings 
take up heat at 298°K. The real net entropy change, 
therefore, when a mole of aluminum oxide is formed, will 
be 

AS = 1252 — 72.84 = +1179 E.v. 


The large increase in entropy indicates spontaneity. 


ENTROPY AND FREE ENERGY CHANGE 


It is now seen that the second law requires the ap- 


plication of an equation of the following form in order 
to determine whether a reaction is spontaneous: 


AS ASyurroundings + ASreacting system 
— AH/T + ASreacting system 


where AS is the total net increase in entropy, 
ASsurroundings is the increase in entropy of surroundings 
due to the heat evolved, ASreacting system iS the en- 
tropy change of the material reacting, — AH is the 
heat of reaction or the heat absorbed by the sur- 
roundings, and 7 is the absolute temperature. 


If 
AS > 0, or if 


Sa AH/T st ASreacting system > 0, 


the reaction will be thermodynamically possible. 
Multiplying the last equation by 7, the restriction be- 
comes, 

— Ae = T ASreacting system > 0. 
The last inequality can be reversed by changing the 
signs. Thus, if 

4H — T ASreacting system < 0, 


the reaction is spontaneous. This is equivalent to the 
more usual notation that, for a spontaneous process, 


AF < 0. 
It is thus clearly seen that whenever 
AH — T ASreacting system < 0, 


the net entropy for the whole system will increase 
and the reaction will proceed spontaneously, the free 
energy at the same time undergoing a decrease. The 
statement applies to any chemical reaction. This 
development shows the ambiguity of speaking of a 
reacting system such as one of aluminum and oxygen. 
From the standpoint of thermodynamics, it is essential 
to consider surroundings also: otherwise we would 
have to conclude that aluminum and oxygen would 
not combine at 298°K. to give aluminum oxide. 

When speaking of the free energy change in a chemi- 
cal reaction, we commonly neglect the free energy 
change of the surroundings because, if the only re- 
strictions on the system be a constant pressure and tem- 
perature, the environment will undergo no free energy 
change. When some restriction like a constant E.M.F., 
however, is put on the system, we may not neglect the 
free energy change in the surroundings. For example, 
if a sufficiently large E.M.F. is imposed on the system, 
arranged as an electrolytic cell, then the aluminum 
and oxygen, rather than unite, will instead be formed 
from the oxide with a net entropy increase, a free 
energy decrease occurring because of the expenditure 
of electrical energy from the surroundings. 
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UNDERGRADUATE ORGANIC 
LABORATORY CHEMISTRY 


E. F. DEGERING 


Purdue University, Lafayette, Indiana 


VI. THE PREPARATION OF 1,2-DIBROMOETHANE (ETHYLENE DIBROMIDE) 


HE preparation of 1,2-dibromoethane, as given in 

most manuals, requires rather large amounts of 

materials, and the volume of the apparatus used is 
usually so large that considerable time is required to 
free the system of air. The following method aims to 
correct both of these factors. The use of smaller 
amounts of materials decreases the cost of the experi- 
ment and intensifies the demands on the student’s 
technic. The use of smaller apparatus also reduces the 
time required for the completion of the experiment. 


Equip a 125-cc. distilling flask with a No. 2 two-hole stopper 
bearing a thermometer and a piece of 6-mm. glass tubing. The 
glass tubing should be drawn to a diameter of about 1 mm. at 
the lower end and turned upward for a distance of 2 to 3 mm. 
Both thermometer and tubing should extend nearly to the bot- 
tom of the flask. By means of a short rubber connection, fit the 
6-mm. tubing with a dropping funnel. Equip a 50-cc. distilling 
flask with a No. 1 two-hole stopper fitted with a short elbow bend 
and a straight piece of 6- or 4-mm. glass tubing. Connect the 
elbow bend to the side arm of the 125-cc. distilling flask and extend 
the straight piece, which reaches nearly to the bottom of the 
flask, with a length of 7-mm. glass tubing to serve as a safety 
tube. Now equip three five-inch test-tubes with No. 0 two-hole 
stoppers, each of which is fitted with two elbow bends of 4-mm. 
glass tubing. Connect the inlet to the first test-tube to the side 
arm of the 50-cc. distilling flask, and connect the three test- 
tubes in series. The inlets to the first and third test-tubes should 
extend about half way to the bottoms of the tubes and all the 
outlets should be cut off just below the stoppers. The inlet to 
the second test-tube should be drawn to a diameter of about 1 
mm. and should almost touch the bottom of the tube. In order 
to control the reaction temperature, place the second test-tube 
in a 250-cc. beaker. Fit the outlet from the third test-tube 
with rubber tubing which leads to the sink. Details of the ‘‘set- 
up” are shown in Figure 1. Place about 25 cc. of water in the 50- 
ce. distilling flask and test the apparatus for leaks. If the ap- 
paratus is tight, proceed as follows. 

To 15 ce. of ethyl alcohol in the 125-cc. distilling flask slowly 
add, with cooling and thorough mixing, 45 cc. of concentrated 
H,SOQ,. Then add 2 to 3 g. of white sand. Place concentrated 
H,SO, in the first test-tube so that it comes just above or nearly 
even with the inlet tube, and 6 N NaOH in the third test-tube so 
that it comes about 5 mm. below the inlet tube. Place about 5 
cc. of water in the center test-tube and take it to the assistant 


























FIGURE 1.—APPARATUS FOR THE PREPARATION OF Il, 2- 
DIBROMOETHANE 


for 3 cc. of bromine. Coat the stoppers with a very thin film of 
stopcock grease and assemble the apparatus. Place cold water 
in the beaker that surrounds the second test-tube and keep the 
temperature at about 10°C. Bring the contents of the 125-cc. 
distilling flask to 165-170°C., and maintain the temperature 
as constant as possible. If the system is tight, sufficient ethylene 
will be generated to decolorize the bromine completely in 10 
to 15 minutes. Otherwise report to the instructor for about 20 
ce. of an alcohol-sulfuric acid mixture (1:1), which you introduce 
through the dropping funnel into the reaction flask. When the 
bromine becomes colorless, turn off the burner and allow the 
generator to cool. 

Transfer the crude ethylene bromide to a separatory funnel 
and gradually add 6 N NaOH, with wigorous shaking, until 
the upper layer is alkaline. Then draw off the bromide layer 
and wash it with water to remove any alkali. Finally draw off 
the bromide layer into a test tube, add a few pieces of anhydrous 
CaCl,, stopper, and shake or allow to stand until the product 
becomes clear. Then decant into a 50-cc. distilling flask and dis- 
til the ethylene bromide (b. p. 131.0°C.). Measure your product 
accurately, calculate the percentage yield, and hand in your 
preparation in a test-tube that is corked and* properly labeled 
(density of ethylene bromide, 2.189). 


VII. THE PREPARATION OF ANILINE* 


SEVERAL current laboratory methods for the 
preparation of aniline have been studied. Three of 
these methods, selected as representative, were com- 
pared with the procedure presented below. 

The following tabulation represents the average re- 


 * With C. A. Young, Purdue University, Lafayette, Indiana. 
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sults of seven experimental determinations by each of 
these four procedures. 

These data indicate that the revised procedure sug- 
gested here compares favorably with the tin method on 
a yield basis but is somewhat superior when considered 
on a cost basis. 

















Cost per 

100 g. 

Manual Reduction by Vield Aniline 
A Fe, HCl 18.0% $2.44 
B Sn, HCl 66.5% 1.54 
Cc Fe, HCl 14.9% 0.87 
Revised procedure Fe, FeCl, HCl 54.0% 0.34 


The use of isopropyl ether in the undergraduate 
laboratory as a substitute for ethyl ether has a number 
of distinct advantages. Isopropyl ether costs less than 
half as much as ethyl ether, is less soluble in water, and 
it may be recovered satisfactorily. Its use as an ex- 
traction medium greatly minimizes fire hazards. Iso- 
propyl ether is used, therefore, in the following pro- 
cedure. 


Into a 500-cc. three-necked distilling flask, mounted on a wire 
gauze and fitted with a reflux condenser and an efficient mechani- 
cal stirrer that stirs downward (vide Figure 2), place 25 cc. 
(30 g.) of nitrobenzene, 35 cc. of water, 35 g. of degreased iron 
filings, 2 g. of technical ferrous chloride, and 3 cc. of technical 
hydrochloric acid. Warm and stir the mixture to start the 
reaction. Continue the stirring, and heat with a small flame until 
the odor of nitrobenzene has completely disappeared. (Refluxing 
with efficient stirring usually completes the reaction in about an 
hour.) 

Cool the flask, make the solution alkaline by the addition of 20 
cc. of 6 N sodium hydroxide, and steam-distil the mixture until 
oily droplets no longer appear in the condenser. 













































































FIGURE 3.—ASPIRATION WATER TRAP AND MANOMETER 


* The author wishes to express his appreciation for the sug- 
gestions offered by other members of the teaching staff. 














FIGURE 2.—APPARA- 
TUS FOR THE PREPARA- 
TION OF ANILINE 





VIII. SUGGESTIONS FOR LABORATORY APPARATUS* 








JOURNAL OF CHEMICAL EDUCATION 





The main portion of the aniline 
forms a separate layer which is re- 
moved by the use of a separatory 
funnel. The water layer contains 
aniline in solution and also in the 
form of an emulsion. This aqueous 
layer is successively extracted with 
three 30-cc. portions of isopropyl 
ether. 

Add the ether extract to the aniline 
which was separated mechanically, 
and dry the ethereal product with a 
few flakes of solid potassium hy- 
droxide until the supernatant liquid 
becomes clear. Decant the ethereal 
extract from the caustic residue 
through a small filter paper into a 
200-cc. ring-necked flask, washing 
the residue with a few more cc. of 
ether. Fractionate through a Vigreux 
column and recover the ether by dis- 
tillation through a water-cooled con- 
denser. 

When all the ether is recovered, 
replace the water-cooled condenser 
by an air condenser, and collect a 
five-degree cut (b. p. aniline, 184°C.) 
in a tared glass-stoppered tincture 
bottle. 





+ The use of a fractionating col- 
umn is desirable but not imperative. 



























































FIGURE 4.—IMPROVED 











MELTING-POINT 


APPARATUS 
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ASPIRATOR WATER TRAPS 


AFTER experimentation with various water traps 
in our research laboratories for three years, our 
undergraduate organic laboratory was equipped with 
aspirator water-trap-manometers* of the type shown 
in Figure 3 (center). 

Where the use of a manometer is not desirable, one 
of the simpler traps may be used. The slit rubber 
tubing trap} (Figure 3, right) is similar to the slit rub- 
ber tubing valve that is frequently used in wash 
bottles. The simple mercury trap is shown at the 
left of the same illustration. 


IMPROVED MELTING-POINT APPARATUS 


The fundamental requirement in any melting-point 
apparatus is the nearest approach possible toward a 
uniform temperature. The apparatus described in 
most catalogs, however, is built so that circulation 
results because of differences in temperature. An 
improved melting-point apparatus' is shown in Figure 
4, 


WINDMILL STIRRERS 


In consideration of their comparative economy and 
efficiency, good windmill stirrers give satisfactory 
results in undergraduate or research laboratories 
where operations are carried out on a small scale. 

Four types of windmill stirrers are shown in Figure 
5. Type A is constructed from a cork, a piece of glass 
tubing, anda glass rod. Where little torque is required, 


* Designed by the author. 

7 Suggested by Paul Macy, a Purdue graduate. 

t Suggested independently by R. C. Corley and the author. 

1 Designed after ‘‘Apparatus for determination of melting 
points,” S. Avery, Ind. Eng. Chem., 20, 570 (1928), and Harry 
L. FisHer, ‘Laboratory manual of organic chemistry,” 1931, 
p. 28. The illustration is misleading since it shows the melting- 
point tube to be nearly as large as the thermometer. 


























Ficure 5.—WINDMILL STIRRERS 


Type A Type B Type C Type D 
(upperleft) (upperright) (lower left) (lower right) 


a stirrer of this design is 
satisfactory. Type B 
has been described in 
the literature.2 Type 
C is constructed from 
tinplate, copper tubing, 
rubber tubing, and a 
glass rod. The glass 
rod is long enough to 
permit adjustment for 
use with different sized 
flasks. Type D is con- 
structed from the top 
of a Mallinckrodt ether 
can.** Since tin wind- 
mills are short lived, it 
is desirable to construct 
the windmills for these 
stirrers out of copper. 
For this purpose the L 
patented copper cap in 

a Mallinckrodt ether wu 
can may be melted out 
and soldered to a cir- 
cular piece of 14-gage 
copper. The copper circle is then cut and shaped into 









































FIGURE 6.—WATER OR STEAM 
TURBINE STIRRER 


a windmill. 


: 2 EASTMAN Kopak Company, ‘“‘A convenient stirrer for tak- 
ing melting points,” Synthetic Organic Chemicals, 5 (February, 
1932). 

** Suggested by H. B. Hass. 


FicurRE 7.—Book Rack, TEST-TUBE BLocKs, AND 


STEAM CONES 
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FIGURE 8.~-TEST-TUBE BLOCKS 
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Where compressed air is not available, the copper 
windmills described above may be used as turbines. 
The jacket of the turbine consists of an inverted 
Mallinckrodt ether can with the bottom cut out and 
replaced with a lid bearing a flange. A seal, similar to 
the mercury seal for stirrers, prevents water from 
leaking into the reaction mixture. The detailed con- 
struction of the turbine* is shown in Figure 6. 


STEAM BATHS 
(Suggested by R. C. Corley) 


The steam cones shown in Figure 7 are constructed 
of copper. 
BOOKRACKS 


(Designed by M. G. Mellon*) 


The wire bookrack, shown in Figure 7, may be 
permanently mounted on the shelf in front of the 
student’s laboratory space. 


TEST-TUBE BLOCKS 
(Designed by W. E. Fish) 


The test-tube blocks, shown in Figures 7 and 8, are 
made from 2” by 4” lumber. They accommodate 
both two-inch and five-inch test-tubes. 


ACID AND BASE BENCH 


Some assignments call for rather large amounts of 
reagents; hence it is advantageous to have a supply 
that is readily accessible to the students. Numerous 
casualties have resulted, however, from placing two- 
liter bottles of concentrated reagents at the disposal 
of undergraduate classes. 

The supply shelf, shown in Figure 9, is covered with a 
lead trough equipped with a drain so that small amounts 
of the reagents that might drip from the delivery tubes 
are readily washed away. The method of transferring 
the reagents from the supply bottles involves little or no 
hazard. 


* Designed by the author. 
3M. G. MELton, ‘“‘A book support for the chemical labora- 
tory,” Sch. Sct. Math., 29, 729 (1929). 


FiGuRE 9.—REAGENT BENCH 
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FicureE 10.—VictoR MEYER TusBes A B 


(A, good seal; _B, poor seal.) 


VICTOR MEYER TUBE 
(Designed by Roy F. Newton) 


A modification of the Victor Meyer tube is shown in 
Figure 10. The sample is placed in position with the 
trap closed, the system is brought to equilibrium, and 
a solenoid is applied about the metallic core. The 
bulb containing the sample must be constructed and 
sealed off correctly as indicated in the illustration. 

A piece of 7-mm. tubing is drawn to capillaries of 
about 1 mm. on both ends to give a bulb about 11/2 
cm. long. One end of the bulb is then sealed and 
rounded off. After the bulb is filled, the capillary is 
drawn out as it is sealed off. 


HYDROGEN SULFIDE VALVES 
(By Paul Weber and W. E. Fish) 


The construction of delivery valves for hydrogen 
sulfide is shown in Figure 11. The stems of the valves 
are filled with ‘“‘Finol,”’{ or some other inert oil. Such 
valves undergo little or no corrosion. 


SCRUBBING TOWER 
(Suggested by Paul Weber) 


A scrubbing tower for use in distillations of cor- 
rosive substances which require the use of a vacuum 
pump may be constructed as indicated in Figure 12. 


t ‘“Finol’’ is a petroleum product obtainable from the Stand- 
ard Oil Company. ; 
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The tower is packed with coarse pumice. Concentrated 
sulfuric acid or concentrated sodium hydroxide or some 
other suitable scrubbing liquid is allowed to trickle down 
over the pumice during the distillation. If desired, 
two or more such towers may be used in series.* 

* A reader of this paper has suggested that a stopcock in- 


serted above the waste bulb would permit drainage of the ap- 
paratus during operation. 
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FIGURE 11.—HypDROGEN SULFIDE VALVES 
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FiGuRE 12.—ScRUBBING TOWER 
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FIGurE 13.— 
SPECIFIC GRAVITY 
COMPARATOR 
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SPECIFIC GRAVITY COMPARATORT 


Specific gravity may be determined by the com- 
parative method with the aid of the apparatus illus- 
trated in Figure 13. Some known (usually water) is 
placed in one tube and the unknown in the other tube. 
The system is then partially evacuated and the vacuum 
maintained by use of 
a screw clamp. Com- 
parative heights are 
read and the results 
calculated to obtain the 
specific gravity of the 
unknown. 


c— 





AIR FILLED GAS 
REGULATOR 


(Suggested by A. O. 
Rogers) 


The gas regulator 
shown in Figure 14 is 
not unlike similar regu- 
lators that are in use 
except that air is used in 
the expansion chamber. 
A small pin-hole, in the 
inlet tube just below 
the ring seal, prevents 
the burner from being extinguished when the rise of the 
mercury closes off the capillary jet. If a temperature 








te 


14.—AIR-FILLED Gas 


REGULATOR 


FIGURE 


F accel of this type is not new, but it is not commonly 
used. 














FicurE 15.—OvERHEAD EVAPORATOR 
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FIGURE 16.—STEAM MIXER 


fluctuation of two to five degrees is satisfactory, a 
regulator of this type may be used. 

The sensitivity of the regulator is increased appre- 
ciably by lining the expansion chamber with copper foil. 


OVERHEAD EVAPORATOR 
(By J. F. Chittum and W. E. Fish) 


The overhead evaporator, shown in Figure 15, 
utilizes an element for an electric iron. Such elements 
are obtainable at the dollar stores for about thirty-five 
cents. Overhead evaporation of non-inflammable 
solvents prevents bumping and spattering. 


“STEAM-WATER MIXER” 
(Designed by W. E. Fish) 


A simple, efficient steam-water mixer is shown in Fig- 
ures 16A and 16B. The spirals are made of copper tubing 
and the connections are standard plumbing fixtures. 


SODIUM FLAME 
(Suggested by T. DeVries) 


An intense sodium flame is readily obtained by plac- 
ing a small lump of rock salt in the center of the screen 
on a lighted Meker burner. 


DEKHOTINSKY TYPE SEALING CEMENT 
(Submitted by T. DeVries) 


About 70 g. of light-brown orange shellac is added 
in small amounts to 30 g. of heated Dixie pine tar. 
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The mixture is stirred at frequent intervals for a 
period of two hours (or four hours) and maintained at 
a temperature of 130°C. or slightly lower. (The longer 
heating period gives a cement that is suitable for high 
vacuum work.) The product may be tested at inter- 
vals by dropping some of it into cold water and then 
subjecting it to bending pressure. Under such treat- 
ment, the product should not bend but break with a 
conchoidal fracture. 

If a harder product is desired, 85 g. of light-brown 
shellac may be mixed and heated with 30 g. of Dixie 
pine tar. The finished product, while still warm, may 
be spread on a stone slab or smooth surface and rolled 
into small sticks. 


GRADUATED SCALES 


Discarded burets may be used for the preparation of 
graduated scales. Such scales are satisfactory for the 
measurement of capillary rise, etc., in which the scale 
surrounds the capillary tube. 


INDIVIDUAL H.S GENERATOR 


EDWARD GLASGOW 
Everett Senior High School, Everett, Washington 


TO PREVENT excess hydrogen sulfide in the labora- 
tory the illustrated generator was constructed. It is both 
convenient and economical 
‘ie for individual use. 

n The stopper (1) may be 
made by strongly heating a 
short piece of glass tubing 
in the center until it can be 
drawn. The tapered end of 
either piece is sealed with 
additional heat. A large 
piece of ferrous sulfide (2) 
is covered with dilute hy- 
drochloric acid (3). Glass 
wool is placed between a 
split, two-hole stopper (4) 
to filter the acid from any 
small pieces of ferrous sul- 
fide. This precaution in- 
sures no production of hy- 
drogen sulfide in the upper 
test-tube. When the gen- 
erator is not in use the 
stopper (1) replaces the tip 
at (5). The pressure thus 
produced forces the acid 
into the upper test-tube. 
Chemical action ceases 
until more hydrogen sulfide 

is needed. 






































TEST-TUBE FLAME TEST APPLIED 
to the RARER ELEMENTS 


ARTHUR R. CLARK 


School of Chemistry and Physics, Pennsylvania State College, State College, Pennsylvania 


The test-tube flame-testing method has been extended 
to include the rarer elements. To solve different problems 
presented in dealing with these elements, a new apparatus 
was developed. The apparatus and technic are described, 
and the results obtained with single elements and with 
mixtures are recorded. 


++ +o + + 


HE type of apparatus and the procedure used, 
as well as results obtained with the common 
elements, are discussed in a previous paper.' 

It was desired to find the results of the test-tube 
method for flame-testing when applied to the rare 
elements. In order to work with some of the rarer 
elements, it was necessary to develop a new apparatus 
which would produce better results as to sensitivity, 
flame size, and color. ; 

The figure shows the fe sin conmeair 
apparatus used in this ( 
work, which produces 
much better results | 
than the older appara- 
tus. The figure is self- 
explanatory; however, 
it should be noted that 
the test-tube should be 
filled with water to such Ly} | Lp te 
a height that when the se 
condenser is inserted, 
the outer jacket of water 
will be within an inch of 
the stopper. The rub- 
ber stopper is tightly 
fitted. Waterisrun 
through the condenser 
as fast as possible. Be- 
fore adjusting the test- 
tube to the condenser, 
the water in the test- 
tube is heated to boil- 
ing. This arrangement makes it possible to heat the 
tube, using the same size of flame as in the previous 
method, for any length of time without boiling the water. 

The same procedure as previously described is used 
except that when minute amounts of liquid are avail- 

‘ 


~ HO flowing 
out of condensor 


Water line for 
of E40 ins! 




















TEST ~ TUBE 
FLAME~TEST APPARATUS 


1CLarRK, A. R., ‘‘The test-tube method for flame testing,” 
J. Cue. Epuc., 12, 242-3 (1935). 


able, the solution may be applied by a dropper. This 
technic makes the work more sensitive. 

One or two drops of the solution are placed on the 
outside of the lower end of the test-tube. The test- 
tube tester is held in the flame and heated until flames 
and residues are produced. The water in the condenser 
is run at such a rate that the liquid in the jacket does 
not boil. These flame tests are valid when the liquid 
in the jacket is at boiling temperature, but the more 
refined technic described affords greater sensitivity. 
The tube should be held at an angle and so moved that 
the solution around the tube is heated at the same rate. 
The tube is held and moved in the same way that one 
would hold and move a simple test-tube in order to boil 
water in it without superheating. 


RESULTS 


The characteristic flames and residues of the rare 
elements are given below. 


GROUP I. 


Lithium.—An enduring scarlet flame which tends to shoot 
upward. 

Rubidium.—A sparky violet flame which tends to shoot up- 
ward. 

Cestum.—A sparky violet flame which tends to shoot upward. 

Gold.—Residue of free metal is produced. 


GROUP II. 
Beryllium.—A residue, which on drying, produces a grape-like 
formation. 


GROUP III. 

Boron.—A delicate green flame is produced (was not mentioned 
among the common metals). 

Scandium.—A red-yellow glow is produced near the end of the 
tube. 

Yttrium earths —No characteristic test. 

Cerium earths.—No characteristic test. 

Gallium.—No characteristic test. 

Indium.—Produced a rose-red flame which appeared to 
shoot down. (Differs from regular flame obtained by the plati- 
num-wire method, which is usually blue-violet in color.) 

Thallium.—Produces a sparky yellow-green flame. 


GROUP IV. 

Titanium.—A fine violet flame is produced which is like that of 
tin in shape and size but differs in color. This is the most sensitive 
of all the flame tests for elements. 

Zirconium.—A mild reddish flame is produced, with a small 
knob on the bottom which glows and colors the entire flame 
yellow. 

Germanium.—A thin, very fleeting blue flame is produced on 
the lower end of the test-tube. (Must use a very low flame for 
this test, as it is hard to observe with the usual size of flame.) 
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GROUP V. 
Vanadium.—No characteristic test. 
Columbium and Tantalum.—No characteristic test. 


GROUP VI. 

Molybdenum.—A pale yellow with a green tint is produced; 
however, the most characteristic test for molybdenum is its blue 
residue formed on slow heating. 

Tungsten.—No characteristic test. 

Uranium.—A brown-yellow residue is produced which turns 
dark, still glowing. (Look down the inside of the tube and ob- 
serve the brown-yellow residue.) 

Selenium.—A very good blue flame is produced, having a glow 
like that of the tin flame only that it has much more volume 
and does not cling to the test-tube as much. A red residue is 
characteristic, since no other element produces such a residue. 

Tellurium.—A green-blue, button type of flame is produced. 


GROUP VII. 
Platinum metals.—All yield metallic residues. 


The following is a grouping of the rarer elements 
according to their flame colors. 


Blue Flame.—Ge, Se, Te 

Violet Flame.—Ti, Sc, Cs, Rb 

Green Flame.—T1, Mo 

Red Flame.—In, Sc, Zr, Li 
Those giving good residues are: U, Th, Se, Be, Ru, 
Rh, Pd, Os, Ir, Pt, and Mo. 

The sensitivity of the test as applied to these ele- 
ments was determined. It must be remembered that 
the sensitivity limits are not very exact; however, 
some idea as to the limits of the test is useful as an 
indication when it may be necessary- to concentrate a 
large volume of solution so as to make the test more 
sensitive. 

TABLE 
SENSITIVITY OF THE TESTS 
(g./cc. of element) 


(8) TI 1.5 X 1074 
(9) Ti 1.5 X 107% 
(10) Ge 1 xX 10-2 
(11) Mo 1 X 107% 
8 
1 
1 


(15) Ru 
(16) Rh 
(17) Pd 
(18) Ir 
(19) Os 
(20) Pt 


10-4 
10-3 
10-4 
10-8 
10-4 
10-3 
10~4 


(1) Li 
(2) Rb 
(3) Cs 
(4) Au 
(5) Be 
(6) Se 
(7) In 


o 
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(12) U x19" 
(13) Se xX 10-4 
(14) I X- 10-3 


~) 


wo 
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General mixtures were also tried, to determine which 
elements could be observed in the presence of others. 

Se was observed in a Ti, Se, Te mixture; Sn and Ti 
in a mixture of Sn and Ti. Ti, Sn, Te were observed in 
a mixture of these three elements; Te in a Te, V mix- 
ture; Ti and Mo ina Te, Mo, V, Ti mixture; Be ina 
Th, Be mixture; Be ina Th, Be, Te, Mo, V, Ti mixture. 
Se seems to obscure the test for most of the other ele- 
ments. Of the blue flames of the tin type, the follow- 
ing observation can be made: if the flame. is of the 
glowing blue type, either Sn or Se is present; however, 
if a residue is produced Se is present. No method, as 
yet, has been obtained for identifying Sn in the presence 
of Se. 

Of the blue flames, Se obscures Te, Ge, and Sn. 

The method promises to be quite useful in the final 
identification of the rare elements, after their separation 
into groups by the ordinary analytical procedures. 
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SIMPLE METHOD OF GRADING UN- 
KNOWNS IN QUALITATIVE ANALYSIS* 


WALTER S. DYER 
Department of Chemistry, University of Arkansas, Fayetteville, 
Arkansas 

HE fact that qualitative analysis grades are 

sometimes unsatisfactory has been noted.! The 
course as conducted in this laboratory includes 
twenty-four unknowns involving about 120 ions. The 
nature of the scheme of analysis causes thirteen of these 
unknowns to be of the simple type involving altogether 
not more than forty ions. Therefore, at the rate of 100 
points for each, a poor student might get a fairly good 
grade on over half the unknowns and thus offset a very 
bad grade on the others. A careful examination of the 
grades indicated that this was actually happening, 
whether intentionally or not, and that some students 
were getting grades which were out of proportion to 
their knowledge and to their care in the laboratory. 

In order to overcome the errors of this method it was. 
decided to give no percentage grades until the end of the 
course. In the meantime the unknowns are scored as 
fractions. Thus an unknown containing five ions 
might be reported with four correct, one omitted, and 
one extra, which would merit a score of 4/6. The two 
figures are listed in vertical columns on the student’s 
record sheet. At the end of the course the laboratory 
grade is something like 106/136, which may be given 
the value of 77.9 or 779. The latter value is used in 
this laboratory. Thus the entire laboratory portion of 
the course is made into a single project and the student 
receives a grade on his total achievement. 

A total of 169 students have been graded by this 
method and their grades were ranked as usual (A, B, 
C, D, F). For the sake of this study their grades ac- 
cording to the old method were also calculated and 
similar rankings were made. The proposed method 
gives a numerical grade spread which is more than ten 
per cent. greater than that attained by the old method 
in all the grade groups except the lowest. 

A considerable number of changes in rank were 
brought about by the new method of grading. Thus 
some were placed in the “A’’ group who would not 
otherwise have been there and others were graded 
“F” who would have passed had the old method been 
used. A careful consideration of the scores made on 
individual unknowns shows the continued efforts of 
those whose ranks were raised by this method. While 
this is not so evident in the cases of the better students 
it is markedly so with those in the lower-grade ranks. 

This method is quite satisfactory from the stand- 
point of the teacher as it makes for simple calculation 
of grades and gives the better student credit for the 
ability to make a long and difficult analysis. In addi- 
tion to this it penalizes the careless and unwilling worker 
who uses little or no effort toward accuracy. 


* Research Paper Number 487, Journal Series, University of 


Arkansas. 
1 Martow, H. W., ‘Evaluating unknowns in qualitative analy- 
sis,’ J. Cem. Epuc., 11, 109-10 (Feb., 1934). 





ELEMENTS of the QUANTUM THEORY’ 


XI. SLATER-PAULING THEORY OF VALENCE BONDS 
SAUL DUSHMAN 


Research Laboratory, General Electric Co., Schenectady, New York 


GENERAL REMARKS 


HE HL theory of formation of the H, molecule 
leads to the general conclusion that an electron- 

pair (homopolar) bond is formed by the inter- 
action of an unpaired electron on each of two atoms. 
The energy of the bond is largely due to the fact that 
the two electrons of opposite spins are constantly inter- 
changing places, and may be calculated from a knowl- 
edge of the exchange integrals which are derived from 
the corresponding electron wave functions (orbitals). 
While Heitler and London showed that from this 
point of view it is possible to account for the observed 
valences of the elements of the first two periods,? little 
or no attention was paid in this early work to the prob- 
lem of directed valence bonds. The first successful 
efforts to treat this topic by the methods of quantum 
mechanics were those published by J. C. Slater’ and, 
independently of the latter, by L. Pauling in a series 
of papers published since 1931.2 Further investigations 
on the structures of specific molecules, such as H2O 
and CH; have also been published by J. H. Van Vleck,f 


as well as by W. Heitler, E. Hiickel, and G. Rumer.** 

On the whole, the method used by L. Pauling, es- 
pecially in his first papers on this topic, is more ‘“‘physi- 
cal’ in the sense that it relies to a large extent on a 
geometrical interpretation of the significance of elec- 


tron eigenfunctions in the formation of bonds. While 
some of the conclusions reached by Pauling may not 
prove to be sufficiently well founded, his method of at- 
tacking the problem of valence bonds is certainly ex- 
tremely suggestive, and it is largely for this reason that 
the topic has been discussed in the following sections. 
Slater’s method is more quantitative, inasmuch as it 
leads to approximate methods for calculating both the 
direction and energy of bond formation. For this 
reason, however, it presents greater mathematical diffi- 


* This is the fifteenth and concluding article of a series present- 
ing a more detailed and extended treatment of the subject matter 
covered in Dr. Dushman’s contribution to the symposium on 
Modernizing the Course in General Chemistry, conducted by 
the Division of Chemical Education at the eighty-eighth meeting 
of the American Chemical Society, Cleveland, Ohio, September 12, 
1934. The author reserves the right to publication in book form. 

+ See discussion by J. H. VAN VLECK AND A. SHERMAN, Rev. 
Modern Phys., 7, 167 (1935), especially pp. 196-7. The abbrevia- 
tion V. V. S. will be used in subsequent references. This topic 
has also been discussed by the author in ‘‘Treatise on physical 
chemistry,’”’ by H. S. TayLor, Van Nostrand Co., New York, 
1930, Vol. 2, pp. 1869-72. 

1J. C. SLater, Phys. Rev., 37, 481; 38, 1109 (1931). 

2L. PauLinc, J. Am. Chem. Soc., 53, 1367 (1931). 

t References given by V. V. S. ‘ 

** While the mathematical technic used by these investigators 
is quite complex, the results obtained are not essentially different 
from those deduced by Slater and Pauling. 


culties and the calculation becomes extremely tedious 
when dealing with polyatomic molecules. While Slater, 
Pauling, Eyring, and other investigators have developed 
“short-cut” rules by which roughly quantitative results 
can be deduced without too much labor, it is possible, in 
this chapter, to touch only upon the simplest aspects of 
the methods of solution used by the different investi- 
gators. 


PAULING’S TREATMENT OF HOMOPOLAR BONDS 


In his first paper, Pauling introduces the following 
six postulates which are to be used as a guide in the 
determination of relative energies and directions of 
different bonds in molecule formation. The first three 
are merely a restatement of the HL theory: 

1. ‘The electron-pair bond is formed through the interaction 
of an unpaired electron on each of two atoms. 

2. ‘The spins of the electrons are opposed when the bond is 
formed, so that they cannot contribute to the paramagnetic sus- 
ceptibility of the substance. 

3. ‘Two electrons which form a shared pair cannot take part 
in forming additional pairs.” 


To these Pauling adds three more rules ‘‘which are 
justified by the qualitative considerations of the factors 
influencing bond energies.”’ 

4, “The main resonance (exchange) terms for a single elec- 
tron-pair bond are those involving only one eigenfunction from 
each atom. 

5. “Of two eigenfunctions with the same dependence on r, 
the one with the larger value in the bond direction will give rise 
to the stronger bond, and for a given eigenfunction the bond 
will tend to be formed in the direction with the largest value of 


the eigenfunction. 
6. “Of two eigenfunctions with the same dependence on @ 


‘and ¢, {TT the one with the smaller mean value of r, that is, the one 


corresponding to the lower energy level for the atom, will give 
rise to the stronger bond.” 

Let us consider the application of these rules to the 
determination of bond directions in such molecules as 
H.O and NH;. According to the Lewis-Langmuir 
theory of valence these molecules are represented as 
H:0:H and H:N:H, respectively. The electron in a 


H 
normal hydrogen atom is in the ls {n = 1, / = 0) 
state. The electron configuration of N and O in the 
normal state are (2s)?(2p)* and (2s)?(2p)4, respectively. 
The 2s electrons are paired and therefore do not take 
part in bond formation (except when a change occurs 
in quantization of the electron eigenfunction owing to 
bond formation, as will be discussed subsequently). 
Hence the electrons which act in bond formation in the 


ttt The symbol, ¢, will be used in this chapter for the angle 7 
used as variable in Chapter V-A and subsequent discussions. 
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case of N and O are of the type 2p (n = 2,7 = 1). 

Now, as Pauling points out, s and p eigenfunctions 
with the same value of n, ‘‘do not differ very much in 
their mean values of 7, but their dependence on 6 and ¢ 
is widely different.” 


For s eigenfunctions, no(7, 6, ¢) Sno(r)-s(0, ) 


For p eigenfunctions, Wn,(7, 0, o) 
Sn(r)-po(8, >): Pry (0, >) : pr- (6, ¢) 


The s-eigenfunction is spherically symmetrical, and 
from Table 2, Chapter VI,’ it is seen that the normalized 
function has the form 


s(0, ¢) = X0(6):Zo(¢) = 1/V4z. 


There are three p-eigenfunctions: 


po(O, &) = X10(0)Zo(¢) = V3/(4n) -cos 0 
br+ (0, 6) = Xu@)Zi(¢) = V3/(4x) «sin 6-€'6/+/2 
br —(0, ¢) = Xi, -1(0)Z_1(¢) = V3/(4x) - sin 6-€7i6/+/2 


Since p,+ and p,— are complex, it is desirable to 
replace them by real functions which can be represented 
as functions of the rectangular coérdinates x, y and 2. 

Replacing «*'* by (cos ¢ + isin $), we obtain the 
real functions: 

p: = 4/3 - sin 0-cos @ ) 
by = 4/3 -sin @-sin ¢ > (486) 
Pp: = V3 -cos 6 | 


as compared with the eigenfunction 
i, 


where the factor 1/+/4m has been discarded, since we 
are interested only in relative magnitudes. 
It will be observed that p, is identical with p, and 


that 
,* + by? + p:” = 4? + pr? + po’. 


For ¢ = 0, px = V3sin 6; and py = Thus, 
4/3 sin 6 represents a section of the spherical function 


px in the xz plane, in which it has its maximum value 
for any given value of #6. As shown in Figure 63 this 


function is represented by two circles in contact at the. 


origin and each of diameter V/3 units, as compared 
with the s-eigenfunction which, on the same scale, is 
represented by a circle of unit radius.* 

Thus | p, | consists of two spheres, with the long 
axis in the direction of the x-axis. The similar func- 
tions | py | and | p, | have their long axes in the direc- 
tion of the y- and z- axes, respectively. In Figure 35, 
Chapter VI,‘ the distribution functions are shown cor- 
responding to these three p-eigenfunctions. ‘From 
Rule 5,” as Pauling observes, “‘we conclude that p- 


3 J. Cuem. Epuc., 12, 534 (Nov., 1935). 
* This follows from the following simple consideration: 


For any point on the circle, the distance from the origin is 
given by r = ~/x? + 2%. Let D denote the diameter of each 
circle. Then it follows from the properties of any triangle in- 
scribed in the circle on D as a base, that 


/x? + 22/D = r/D. 


4J. Cuem. Epuc., 12, 535 (Nov., 1935). 


sin @ = 


JourRNAL OF CHEMICAL EpUCATION 


electrons will form stronger bonds than s-electrons and 
that the bonds formed by p-electrons in an atom tend to be 
oriented at right angles to one another.”’ 

Van Vleck and Sherman} state the argument for this 
conclusion as follows: 


“Let us suppose there is an electron-pair bond between an s 
electron of some attached atom and the po,electron of the cen- 
tral atom. Then the exchange energy associated with this par- 
ticular pair is greatest if the attached atom lies on the x axis, 
since the exchange integrals will clearly be largest in absolute 
value if the wave functions of the two atoms overlap as much as 
possible. This requirement clearly demands that the attached 
atom be located on the axis of the dumb-bell associated with the 
particular electron of the central atom with which it is paired. 

“If a second atom is brought up, and if the pairing between 
pz and the first attached atom is not broken, then clearly the 
only possibility is for the second atom to pair with one of the other 
wave functions, p, or p,, so that it will become located on the 
y or z axis. Hence in a molecule such as HO the angle between 
the two OH axes should be 90°. The experimental value is 106°. 
The departures from 90° are to be blamed upon repulsions be- 
tween the attached atoms and upon sp? hybridization. Similarly, 
if the first two atoms have preémpted the x and y directions 
a third atom tends to become located on the z axis, so that in 
a molecule like NH; the three NH axes should make angles of 
90° with each other. The NH; molecule is then pyramidal in 
structure, each axis making an angle of 54.7° with the axis of the 
NH; pyramid. The experimental value is 67°, and the discrep- 
ancy is to be attributed to the same causes as in H,O.”’ 
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FIGURE 63.—S- AND p-EIGENFUNCTIONS (PAULING) 


R =V3sin Ocos g 


CHANGE IN QUANTIZATION OF BOND EIGENFUNCTIONS 


In the case of a normal carbon atom, with the elec- 
tron configuration 2s2p* (known spectroscopically as 
3P state) there are only two unpaired electrons, and 
this would account for the double bond in C::O. 
Only about 1.6 v.e. of energy (36,900 cal./mole) is 
required to excite one of the 2s electrons to a 2p state, 
and this would give three unpaired p electrons and one 
unpaired s electron, thus accounting for the valence of 
four as in CH,. But, since the s-bond is not a specially 
directed one, this answer cannot be sufficient. A much 
more satisfactory point of view is the introduction by 
Pauling of a new concept—that of “hybridization” 
of eigenfunctions to form combination functions which 
take the place of the single electron functions. Thus, 
in the case of the formation of CHy, if the energy of 
interaction per H-atom is greater than the difference in 
energy of the electron in the 2s and 2 states, then the 
interaction will cause the electron to be ‘‘promoted”’ 
and now we must consider each bond as being formed 


t V. V.S., loc. cit., p. 199. 
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by the grouping together of hydrogen-like s and p 
eigenfunctions. As Pauling points out this criterion is 
satisfied for quadrivalent carbon, and he therefore pro- 
ceeds to determine the zero-order eigenfunctions 
“which will form the strongest bonds for the case when 
the s-p quantization is broken.”” He assumes that the 
four bonds are each represented by one of the four com- 
bination eigenfunctions. 


W; = as + dip, + cipy + dp, 


where i = 1, 2, 3, or 4, and the coefficients are subject 
to the orthogonality and normalization requirements, * 


(487) 


fovea = lora?+)7+¢2+ 4; =1 (488) 


and 


fvenar = Oor aya, + bib; _ CiCk + dd; = () (489) 


where z ¥ k, andi, k = 1, 2, 3, 4. 

For a single bond, we can choose the direction arbi- 
trarily. If we take it along the x-axis, for which p, = 
p; = 0, the corresponding eigenfunction has the form 


VW, = as + hip, 
The maximum value of this function is evidently 
M = (¥1)max. = @ + bV3 

(where the subscripts may be discarded). 

Also since a? + 5? = 1 

M = V1— 8 + bv. 
Introducing the condition dM/db = 0, it follows that 
b = 3/2 

and 


That is, 
(490) 


This has a maximum value M = 2, which is consider- 
ably greater than the value 1.732 for a pure p-eigen- 
function. Figure 64 shows a graph of this function in 
the xz plane. 
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FIGURE 64.—TETRAHEDRAL Sp-EIGEN- 
FUNCTIONS (PAULING) 


A second bond function may be introduced in the 
same plane, of the form ‘ 


* This point is discussed in a footnote in the paper by V. V. S., 
p. 202. 


WV. aos + bop, + dop, 
a, — bor/3 sin 0 + dev/3 cos 8. 


The negative sign is due to the fact that for this bond 
cos @ must be equal to —1 as compared to the value 
+ 1 for VY, in the xz plane. 

Applying the condition for normalization and the 
additional requirement, 


Q1Q2 oe bibs = (0 


it is readily shown that 
WV. = bnv/3(1 — sin 0) + V1 — 4b:2V/3 cos 6 


This will have a maximum value I = 2 for definite 
values of @ and d:, such that d¥./db = Oand d¥./d@ = 
0. From these conditions it follows that 


sin @cos¢ = —1/3; ¢ = 180°, 6 = 109° 28’. 


That is, the second bond eigenfunction makes an angle 
of 109° 28’ with the first, ‘‘which is just the angle be- 
tween the lines drawn from the center to two corners of a 
regular tetrahedron.’’ The actual expression for the 
bond function has the form, 


/2 
ae wei + igh 


ss. (491) 


w= 


By similar methods it may be shown that the third and 
fourth eigenfunctions are 


reas aie 


Wp: (492) 


ee srs 


1 
2° 28 ven 
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1 
va Py V6 pz 
which are directed toward the other two corners of the 
tetrahedron. 

Pauling also points out that an equivalent set of 
four tetrahedral eigenfunctions is 


(493) 


Win = 5 (s+ Pe + by + By) 


Win =3 (s + De — Py — Pa) 


Win = 5 (s — pe + Pyt— Ps) 


Win = 5 (8 — be — by + Pe) 
which differs from the previous set by a rotation of the 
atom as a whole. 

“This calculation,’ as Pauling remarks, ‘‘provides 
the quantum mechanical justification of the chemist’s 
tetrahedral carbon atom, present in diamond and all 
aliphatic carbon compounds,” as well as for a number 
of other tetrahedral atoms and ions. Furthermore, 
since ‘‘each of these tetrahedral bond eigenfunctions 
is cylindrically symmetrical about its bond direction, 
the bond energy is independent of orientation about 
this direction, so that there will be free rotation about a 
bond.”’ On the other hand, there can be no free rotation 
about a double bond. 
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The reader will be well repaid by studying further 
Pauling’s original paper upon which the discussion 
has been based, as well as his subsequent papers. There 
is a wealth of material there which is of great significance 
for the quantum mechanical interpretation of directed 
valence bonds. 


SLATER’S TREATMENT OF POLYATOMIC MOLECULES* 


The problem which Slater has attacked is that of 
calculating the electronic energy states of molecules, 
from a consideration of the interaction of the atomic 
orbitals. The calculation is essentially an extension to 
three or more atoms of the method of secular equations 
discussed in Chapter X, Part II. Starting with one- 
electron wave functions which involve coérdinates both 
of position and spin, zero-order wave functions are 
built up which are antisymmetric in the electrons 
(in accordance with Pauli’s principle). 

Let VW, W....W; denote such combinations. If 
His the Hamiltonian operator of the problem, then the 
secular equation to be solved for the energy is of the 
form, 


Wdw,... Hii — Wai 


Wax, . . 
“Wass, ar 


f vettnar 
di; = J vende 


and W,, W,... W; represent the roots of the equation. 

The degree of the secular equation will not exceed 
N?, where JN is the total number of electrons, although 
it is usually possible to separate it into a number of 
equations of lower degree. 

Instead of attempting to review Slater’s rather 
lengthy paper in terms of general statements, it will be 
more instructive to consider in detail the method used 
in the solution of one particular problem. Moreover, 
the problem we shall discuss is of importance in con- 
nection with the treatment by H. Eyring and M. Po- 
lanyi of the topic of activation energy. 

Let us consider the interaction of three atoms, each 
containing a single electron in the s-state. We can 
assign a one-electron wave function to each atom and 
we shall denote these by A, B, and C. Each of these is 
a function of three coérdinates of position, and one of 
spin. Let the coérdinates (of position and spin) of 
the first electron be denoted by 1, of the second by 2, 
etc. An approximate function which might be a solu- 
tion for the unperturbed state of the system is the 
product of the individual one-electron functions of the 
form A(1) B(2) C(8) or A(2) B(1) C(3). However, 


* J. C. Stater, Phys. Rev., 38, 1109 (1931). Also L. PAULING 
AND E. B. WILSON, Jr., ‘‘Introduction to quantum mechanics,” 
McGraw-Hill Book Company, Inc., New York, 1935, Chapter 
XIII, p. 366. 


\Hiy, — Wdu, Mie 
Ata a W ‘dn, Hn 


| 
. Has — Wasi ‘ 


(494) 


Ha _ - Wass, * fies — Wa;; 


where 


Hi; (495) 


(496) 
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there is one combination of all the different possible 
permutations of the functions which is the only func- 
tion that is antisymmetric in the electrons. This has 
the form 

A(1) A(2) A(8) 


B(1) B(2) B(3) 


497 
~ V3! et} C(2) C(3) om 


If there were no electron spin, this would be the only 
antisymmetric eigenfunction, and there would be only 
one corresponding eigenvalue. However, in the present 
case we must take into account the fact that each elec- 
tron may have either positive or negative spin. Hence, 
there will actually be 2% = 8 different possible 
eigenfunctions and 8 corresponding eigenvalues. These 
states are indicated in the following table by Roman 
numerals, where a designates the part of the function A 
depending on the coérdinates of position, and similarly 
b and c, while the two spin functions are indicated by 
+ and —. The last column gives the total spin. 


Spin Spin 
of b of ¢ 


Spin 
of a 
I = 
II + 
III 
IV 
Vv 
VI 
VII 
VIII 


Total 


11 t+4+444 


“States I and VIII give,” as Slater points out, ‘“‘two 
of the four states of the quartet. II, III, IV give a 
cubic, one of whose roots gives another state of the 
quartet, and the other two roots give the two doublets. 
Similarly, V, VI, VII yield the fourth state of the quar- 
tet and the other two states of the doublet.” 

The antisymmetric eigenfunction corresponding to 
state I is evidently of the form 

1 |ayay A222 Aza3 


vy = Va0e bea bsag 


*1€1Q41 Cote C3Q3 


(498) 


where a; designates the part of the function A; depend- 
ing on the coérdinates and a, the part which involves 
the spin. We shall use a and £ to correspond to + and 
— directions of spin, respectively. 

Similarly, the functions for states II and V are given 


by 
1 |@101 A2a@_ Asa 
diay bea bzexs 


Vu = (499) 
V3ile8; C2B2 C383 


1 | 181 a2B2 a3B3 
vy = V3 biBi beBe b3B3 


C1Q, Cote C3Q3 

The eigenfunctions for the other states can be 
written down in a similar manner. 

We now have to consider the form which each matrix 
element will assume in the secular equation for cal- 
culating the energy states. The energy operator for a 
molecule with three fixed nuclei and three electrons has 


the form, 


(500) 
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h? Zale? 
—— Vi? — 
8x2u Tia 


Zaha 
Top 


i e?/ri; 
a (501) 


H=- 


where the summations over 7 and j refer to the electrons, 
and those over a and £ refer to the nuclei. The Z’s 
represent the nuclear charges, in electronic units, and 
the r’s the distances of separation. 

We have in addition, the fact that each function 
a, b, or c, satisfies a one-electron S. equation. 

2 
— gave = (Vo a 9 E,)a 

where V, is the potential function for the one-electron 
problem and E, the energy value. If we substitute 
this into the operator H, we obtain the relation 


Minhas + >> in. ~~ a) > Zatt/tia 
+) ZaZp/rap +) e/ri | (asbus) (502) 
ap ij 


The matrix elements which must be formed from 
the functions VW, Wy, . . . Vyi are of two types: 


(1) those of the form Hy, ; or dr, 1, 


and 
(2) those of the form Ayu or dy, Il> 


where 
Ay, 1 = fvutt(arde)* 


dy, 1 = fvindrda)® 


and similarly for Hy, and d;,1. The element of 
volume in coérdinate space is designated by dr and the 
element in spin space by dw. 

Let us consider first the integral of the second type, 


HM, II = f tte (drda)* 


= ‘i f} > + P(ayboc3a, 0203) H) *? + P(a;bec3a, 0283) 


(drdw)§ 


where the symbol P denotes a permutation of the func- 
tions a, b, c, over the three electrons, and the + sign 
is used, depending on whether the permutation is even 
orodd. Since H is symmetric in the electrons, it follows 
that each term of the first summation yields the same 
result, and since there are just 3! = 6 terms, we can 
write 


A, 1 -f (ayb2C30 02.03) ; ) + P(a,b2¢3a, 0283) (drdw)* 


There are six terms in this summation. One of the 


terms, taken at random, has the form 
iF = J (stseaes cas) H bess) (drd) ‘ 


If we assume that there is no interaction between the 
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spin part of the wave function and the codrdinate part, 
then we can write this in the form, 


i = f (ona eb (dr) +f a? a3 (dw) 2 ff cab 


N 


1, 2, or 3, 


OW 
fatae = ic = 1 wherez = 


while 
f estide = 0. 


Hence J = 0, and for the same reason, every term 
in Hj, 1; must be equal to zero. Also it follows that 
d;,11 = 0. This conclusion may be stated in the 
more general form, that matrix elements involving eigen- 
functions belonging to different values of the total spin 
are equal to zero. 

We shall now introduce a convenient notation used 
by Slater. Instead of using the subscripts 1, 2, or 3, 
he indicates these by the order in which the functions 
a, b, and c are written. Furthermore, the integral sign 
and element of volume are omitted, so that we have 


fo 1be¢s)H(byc2a3) (dr)* = (abc/H/bca), 


J (tse) (rea (dr) => (abc/1/bca). 


The corresponding integral over both dr and dw will 
evidently vanish identically unless a, b, and c have the 
same spin. 

We can now proceed to calculate the different matrix 
elements in the secular equation for the problem under 
discussion. Let us consider the element, 


Hyr= f (abe) }) "+ P(abe)| (dr) 


There are six terms, of which three are positive and 
three negative, as is readily seen from an inspection 
of the expression in equation (498) for ¥;. These terms 
are as follows: 

—cba 
—acbh, 
—bac 


abc 
bca 
cab 


Therefore, 


(abc/H/abc) + (abc/H/bca) + (abc/H/cab) 


FH => 
w" . shaletiitaa).— Gieiilady— Gleiitited 


(503) 


and 


(abc/1/abc) + (abc/1/bca) + (abc/1/cab) 
—(abc/1/cba) — (abc/1/acb) — (abe/1/bac) (504) 


qt = 


Since Hy, 1 = Ai, m, etc. = 0, and similarly for 
d;, 11, etc., it follows that the first row in the secular 
determinant is 


Hi,1 — d,1Wi = 0 


while the eighth row is 


, 
Ayin, vn1 — dyin, virWi = 0 
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where Hj,; = Ayin,vi1, and di,; = dyin, vin. 
Consequently, W; gives the energy of two of the form 
states of the ‘‘quartet.” 
That is 
Wi= Mut (505) 
i,f 
It is of interest to consider the significance of the 
various terms in Hj, ; and dy, 1. 


Evidently, 
(abc/1/abc) = 1 


Also (abc/H/abc) is a Coulomb integral, since (ac- 
cording to equation (502)) it represents the sum of Cou- 
lomb interactions between all pairs of electrons in the 
three atoms. 

A term such as (abc/H/acb) in which two of the 
functions are interchanged represents an exchange 
integral (in this case between 5 and c) such as Heitler 
and London found in the interaction of two hydrogen 
atoms. If the functions on the two sides of the operator 
H differ by a cyclic permutation of three electrons, as 
in (abc/H/cab) the resulting integral would be zero, 
if the functions were orthogonal. But even if the func- 
tions are not quite orthogonal, integrals of this type 
have much smaller numerical values than the simple 
exchange integrals and may therefore be neglected in a 
first approximation. 

Thus, if we consider the case in which one atom, 
say C, is at a distance from the other two atoms, so that 
the only permutations that count are those between a 
and 3, 





W, = (ab/H/ab) — (ab/H/ba) 

ar 1 — (ab/1/ba) 

which is the energy corresponding to the antisymmetri- 

cal eigenfunction in the Heitler-London theory. 
Passing to the consideration of the other matrix 


elements, we obtain the result, 


Ay, 1 = (abc/H/abc) — (abc/H/bac) (506) 
The absence of other terms is due to the fact that we 
will have non-vanishing terms only in those cases in 
which a and b (functions with similar spin) are inter- 
changed. All terms in which a and c or 6 and ¢ are 
interchanged will vanish. By similar arguments it may 
be shown that 
(abc/H/abc) 
(abc/H/abc) 
(abc/H/cab) — 
(abc/H/cab) 
(abc/H/cab) 


— (abc/H/cba) ) 
— (abe/H/acb) | 
(abc/H/acb) } 
(abc/H/bac) 
(abc/H/cba) 


Aun, wu 

IV, IV 
Ay, u1 
Ain, 1v 
Au, 1v 


(507) 


As Slater points out, ‘‘The matrices of unity are just 
the same with 1 substituted for H. In the last formula, 
we have used the fact that (abc/H/bca) = (abc/H/cab). 
This follows from the following two steps: (abc/H/bca) 
= (cab/H/abc), since from definition we can make any 
permutation of the first set of indices, if only we make 
an identical permutation of the second set at the same 
time; and (cab/H/abc) = (abc/H/cab), since the 
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matrices are Hermitian and real.’’* 
The resulting cubic equation is of the form 
An,n —dn,nW, Hu, m —du,mW An,w — du,wW 
Ain,u — diu,uW, Ain,m — dm,mW Am, — dm, wv 
Aw,u — dv,uW, Ay, m — div, mW Aty,1wv — div,1wW 
= 0 (508) 


Instead of attempting to solve this equation, Slater 
adopts a method which has been used successfully by 
other investigators subsequently. Such linear combina- 
tions of the functions Y;, Yy;;, and Vyy are chosen as will 
transform the determinant into tiie form 

Hp,p Feil 0 0 


Haa—dsaW Hap — da,pW 
0 Hap —daspW Hep — ds,3W 


= 0 (509) 
In this particular case the new functions A, B, and D 
are defined as follows 
1 
A= V2 (Wir — Wim) 
a 
/2 3 ies Iv) 


1 
D= v3 mn + Wir + Viv) 





Slater also introduces a fourth function 


(511) 


C = elt — x) 
= Vou I 


It is evident that these form functions are not 
linearly independent, since A + B + C = 0. The 
advantage inherent in the transformation arises from 
the fact that each of the functions A, B, and C repre- 
sents a bond eigenfunction. Thus A corresponds to 
the interaction of atoms } and c, B to that of a and 3, 
and Ctothat of canda. The total spin in each of these 
cases is 1/2, while in that of D, the total spin is */». 
Therefore, if the determinant is set up in terms of D 
and any two of the functions A, B, and C, it must have 
the form indicated in (509), since, as deduced already, 
matrix elements between functions corresponding to 
different values of the spin vanish. The result is that 
the determinant may be factored into a quadratic and 
a linear equation. The latter gives the energy of the 
other term of the quartet, W = Hp, p/dp, p, while 
the quadratic yields the energy values of the two 
doublet levels. } 

Since A + B + C = 0, we obtain the result 

Haa + Has + Hac = 0 


Has + Hes + Hac = 0 
Hac + Hac + Hec = 0 


By eliminating from these equations, we derive the 
relation 


* The italics have been introduced by the writer. The reader 
will find it easier, in the beginning, to verify the relations given 
for the different matrix elements by direct expansion of the 
products of two determinants, such as those for Wy and Yn. 
The main point is that wherever a product such as a;(; occurs, 
the corresponding term vanishes. This accounts for the fact 
that only two terms occur in each of the matrix elements, in the 
group of equations (507). It will be recognized that these terms 
are of either the Coulomb or exchange type. 
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Hap = '/2(Hcc — Haa — Hep) 


which enables us to express the non-diagonal terms in 
(509) in terms of the diagonal elements. The latter are 
readily calculated. Thus 


Haa (Un — Vin)A(Yn — Vu) 
1/(Au, un + Ain, mx — 2A, m1) 
= (abc/H/abc) + (abc/H/acb) — (abc/H/cab) 
— 1/,{(abc/H/bac) + (abc/H/cha)} 


In a similar manner we can write down the expressions 
for Hgpn and Hec and, consequently, for Hap. If we 
assume that the functions II, III, IV are approximately 
orthogonal, then we have the relations dag = dpa = 
dcc = 1, and the resulting expression for the energy 
of the doublets is given by 
W= (ieee — (abc/H/cab) + [(abc/H/acb)? + 


(abc/H/bac)? + (abc/H/cba)? — (abc/H/acb)(abc/H/bac) — 
(abc/H/acb)(abc/H/cba) — lear 
512 


In order to analyze the physical significance of this 
result, let us consider the three univalent atoms a, ), 
and ¢ (each having a single s-electron), arranged at the 
corners of a triangle. Let rq, etc., designate the dis- 
tances between each pair of atoms; and let és, etc., 
designate the total energies of binding of the corre- 
sponding pair of atoms. According to the HL theory, 
we can express these energies in the form 

Cab Cab a 


Cove Coe oat 


€ca = Coa = B 


where C,s corresponds to the Coulomb energy and y 
to the exchange energy, with similar interpretations for 
the other symbols. These relations are analogous to 
equations (453) and (454) in Part II, Chapter X. 
Each term, such as C,, or y, is a function of the inter- 
nuclear distance, 7.5, as long as the atom c is infinitely 
removed. We could write the energy in the form 


€ab = (ab/H/ab) + (ab/H/ba) 


Without changing the values of the terms, we can 
also write this in the form 


€as’ = (abc/H/abc) + (abc/H/bac) 


where the presence of atom c at a considerable distance 
from a and 3 is indicated formally. 

In a similar manner we may express the binding 
energies é 7 and €ca’. But now let us consider what 
happens to the value of e.,° when ¢ is nearer to a and 
b. In that case, the energy of the system is represented 
by W in equation (512). In the latter, the first 
term 

(abc/H/abc) = aeete Cro + Coa. 


The second term (abc/H/cab), which is due to the 
cyclic permutation of the three electrons is known as 
a multiple exchange integral, and its actual value is 
small compared to the single exchange integrals, such 
as (abc/H/bac). Hence, it may be neglected for most 
purposes. 

Evidently (abc/H/acb) = a, since it corresponds to 
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the exchange energy for the molecule bc with a com- 
pletely removed. Similarly, we have the relation 


(abc/H/bac) = y 
and 
(abc/H/cba) = B 


Consequently, we can write equation (512) in the 
simplified form, 


Este = Car + Coe + Coa = (a? + B? + y? — a8 — By — 
ya)'/ (513) 

As shown in the discussion of the HL theory, both the 
Coulomb and exchange energy terms are negative for 
all ranges of values of internuclear distance of prac- 
tical interest. Hence, Ca, + y corresponds to attrac- 
tion, and since | y | > | Cus |, Cas — y corresponds to 
repulsion. For a similar reason, the positive sign in 
equation (513) must be used to indicate attraction, and 
the negative sign for repulsion. 

It is of interest to point out some interesting de- 
ductions from. equation (513). Let us consider the re- 
action between the molecule AB where the one-electron 
wave functions are designated by a and 0, and the atom 
C with wave function c. For C at infinity, we have the 
relation 

eax’ = Ca = 7 


As atom C is brought up closer, the energy €a»‘ 
must be represented by E,,,., and under certain condi- 
tions this will assume a very much simpler form. 
For instance, let C approach AB along the surface for 
which a = 8. (For the case in which A and B are 
identical, this will be the plane which is perpendicular 
to the line joining A and B.) Then, 

Eate = Cab + 2Ceg + (2a? + y? — a? — 2ay)'/2 


C+(y-—ea 
RQ\ * 
c+ (7-27) (514) 


Since AB is assumed to be a stable molecule, y 
must be taken with positive sign, and consequently 
equation (514) shows that the atoms A and B will 
repel the atom C with an energy —(a + £)/2, and as- 
suming |y| > | (a+ 8)/2|, the energy of binding 
of the system is decreased (Eqs:' is more positive). 

Another case is that in which atom C is brought up 
to the molecule AB in a direction lying along that of the 
axis of the molecule, and let us assume that A is the 
nearer atom toC. We may therefore neglect the inter- 
change energy a, between B and C, and consequently, 


Bue = C* VF By 


The expression under the radical has a maximum 
value for 8 = y/2, and under these conditions, 


Eute = C * 1? (515) 


That is, the atom C weakens the binding forces be- 


* This result is derived by F. Lonpon, ‘‘Probleme der mo- 
dernen Physik’? (Sommerfeld Festschrift), S. Hirzel, Leipzig, 
1928, p. 105. 
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tween the atoms A and B, so that the energy passes 
from the value C,, + y for the atom C at infinity toa 
maximum value Ca, + Cac + 73/2 and becomes 
Cas + Cac + y for B Ys 

These conclusions are of importance in connection 
with the calculation of activation energy for chemical 
reactions. Given the reaction C + AB —> CA + B, 
it has been shown in the previous paragraph that the 
energy of the system increases as C approaches A, 
passes through a maximum value, which we shall 
designate by E,, and decreases again as C is brought 
nearer to A. In order that the reaction may occur it 
is necessary that the atom C shall have the energy éa» 
— En = Ea, the activation energy. This interpreta- 
tion of activation energy was first suggested by F. 
London (loc. cit.), and has been applied very extensively 
by H. Eyring and his associates in the past few years.* 


RESONANCE ENERGY FOR BOND ISOMERS 


The potential energy of four univalent atoms with 
only spin degeneracy may be derived in a manner 
similar to that used in the case of three atoms. If we 
think of the atoms A, B, C, and D as arranged at the 
corners of a four-sided figure, in the order given, 
then 
E = Q = {(aas + aa)? + (aaa + are)? + (ara + ac)? 


— (aap + cea) (aaa + ae) — (Gag + ac)(@bg — Gac 
(ava —- Qac) (Gab + Oca) }*/2 


(516) 


where agp designates the exchange energy for the atoms 
A and B, and similarly for the other five pairs of atoms, 
while Q denotes the total Coulomb energy of the 
atoms, taken two at a time. There will therefore be 
six terms in Q. 

Each of these terms, as well as each of the exchange 
energy terms, is a function of the corresponding inter- 
nuclear distance, which may be calculated by the 
method of Heitler and London. 

Given a reaction of the type, 


XY + VZ—> XZ + VY, 


it is possible from a knowledge of the potential energy 
curves for each of the four pairs of atoms to calculate 
the corresponding activation energy, and H. Eyring 
has applied this method to a number of reactions. 

It is of special interest to consider the application of 
equation (516) to the case of four equivalent univalent 
atoms, with only spin degeneracy. There are available 
2 = 16 unperturbed functions and a table could be set 
up similar to that used in the case of three atoms.t 

Only six of these functions will have zero spin, and 
these will correspond to the bonds drawn thus: 

Structure (A) a:b; c:d 
c 


c 
Structure (B) a:c; b:d 
Structure (C) a:d; dD: 


These may also be represented thus: 


* H. Eyrinc AND M. Potanvy1, Z. physikal. Chem., B12, 279 
(1931); H. Eyrinc, Chem. Rev., 10, 103 (1932), and a number of 
papers in J. Chem. Phys. since 1933. 

tJ. C. SvatEr, loc. cit. 
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a b a b 
c d bs, a 
(A) (C) 

As shown by G. Rumer,{ only two of these struc- 
tures, viz., (A) and (B), are independent, since (C) 
can be formed out of the other two. He therefore 
designates (A) and (B) as the terms of a “canonical 
set.” 

If, now, we neglect the exchange integrals between 
diagonal terms, that is, assume agq = ay, = 0, and 
that the other four exchange integrals are identical and 
equal to a, then equation (516) gives for the binding 
energy of the system, the value 


E = Q+2a (517) 


Comparing this with the value Q + a which would 
be valid for either of the structures (A) or (B) alone, it 
is seen that the very possibility that the system may 
occur in either form has led to an increased energy of 
binding of magnitude a. This added term is known as 
a resonance energy term, and is analogous in certain 
respects to the resonance energy which, as shown in 
Chapter VII, occurs in the case of two coupled linear 
harmonic oscillators. t 

Methods for the approximate determination of the 
resonance energy have been developed by L. A. Paul- 
ing** and also by H. Eyring and G. E. Kimball.jtt 
The first-named investigator has applied the method 
to such cases as those of the benzene ring, naphthalene 
and anthracene where the possible number of structures 
forming a canonical set may be quite large (as many as 
42 for CioHs). Thus in the case of benzene, the old 
argument about the proper representation of the ring 
(whether by the Kekulé, Claus, Dewar, or Ladenburg 
structure) is resolved by the conclusion that in the 
normal state the molecule may be represented by a 
mixed eigenfunction of the form*** 


W = V4 + Vp + 0.4341(Ve + Vp Vz) 


The eigenfunctions VY,4, etc., correspond to the five 
canonical structures shown in Figure 65, and the 
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FicureE 65.—Tue Five CANONICAL STRUCTURES CON- 
TRIBUTING TO THE NORMAL STATE OF THE BENZENE 
MOLECULE (PAULING) 


total binding energy according to Pauling is shown in 
the following table: 


. RumEr, Géttinger Nachr., 1932, p. 377. 
. A. Pautine, J. Chem. Phys., 1, 280 (1933). 
. E. K1mBALL, ibid., 1, 239 (1938). 
A. PauLinc AND G. W. WHELAND, ibid., 1, 362 (1933). 
lso the discussion by E. HUcKet, Z. Physik.,'70,204 (1931). 
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Resonance 
Energy 


Single Kekulé structure . 0.0 
Resonance between A and B ; 09a 
Resonance among all five structures . 1.1055 a@ 


In the normal state the ratio of the coefficient of 
structures A and B to that of the structures C, D, and E 
is 1:0.4341. The exchange energy term for a single 
Kekulé structure would be 1.5 a, where a@ is about 
1.5 v.e. (= 34,580 cal.), and the added resonance 
energy term is 1.1055 a, that is, about 38,200 cal. per 
mole, ‘‘of which about 80% is due to the Kekulé struc- 
tures alone.” 


CONCLUDING REMARKS 


This somewhat sketchy discussion of the theory of 
valence brings to a conclusion a series of chapters on 
the elements of quantum mechanics. No one realizes 
more than does the writer the inadequacy of the treat- 
ment in many cases. All that has been attempted is to 
present a discussion which will enable the student (and 
he must be a student, not a dilettante) to undertake the 
study of some of the treatises which have been published 
on this subject, and also to read the more recent publica- 
tions in the scientific journals. 

It would seem that in these latter there are often 
omitted steps in the argument which are familiar to the 
initiated through oral transmission but are completely 
unknown to those who attempt to read these papers 
without any other guidance. To fill in such gaps, to 
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help to elucidate the physical interpretation of the 
methods used, and to provide some assistance in over- 
coming the difficulties presented by the mathematical 
technic—these are the objectives which the writer 
has had in view. He hopes that for some of the readers, 
no matter how few, these objectives will have been 
fulfilled. 

What has been presented in the series is ‘‘only the 
beginning,” the first stages in the study of a theoretical 
development which includes a large number of topics. 
No mention has been made of the newer theories of 
statistical mechanics, such as those of Bose and Fermi- 
Dirac, nor of the electron theory of the metallic state 
(including the contributions of Sommerfeld, Bloch, 
Bethe, Wigner, and Seitz). There is a wealth of experi- 
mental observations on the behavior and nature of the 
solid and liquid states which must be interpreted 
on the basis of the new point of view. Going still 
farther afield, there is the mystery of the structure of 
the nucleus and the nature of the interaction of radia- 
tion and matter. The solutions are but dimly per- 
ceived even by those leaders who scan the unknown 
from the dizzy heights. But ultimately the solutions 
will be found. That is what constitutes scientific 
progress, and for those for whom it is not possible to 
enjoy the thrill of contributing to this progress by their 
own achievement it will always be a source of intellec- 
tual gratification and stimulation to catch some glimpses 
of these newer visions. 





DERIVATION OF THE EQUATION PV = RT* 
LEON McCULLOCH 


Westinghouse Research Laboratories, East Pittsburgh, Pennsylvania 


“THE Equation of State of a Perfect Gas,’’ by Rose- 
man and Katzoff,! recalls a method of derivation of the 
equation PV = RT which came to the writer after 
reading the following question from Professor Ban- 
croft: 

“Why should not the student be shown how to com- 
binev = KT and p = kT soastoget PV = RT? The 
most obvious way of combining them gives PV = RT? 
which we know is not right.’’? 

We may commence with the two statements from 
experiments with gases: 


v = KT (p constant) 
pb = kT (v constant) 


which are to be combined into one equation connecting 
the three variables , v, and 7. 
We may write them thus: 


* Scientific Paper No. 763. 

1R. ROSEMAN AND S. Kartzorr, “‘The equation of state of a 
perfect gas,” J. Cuem. Epuc., 11, 350-4 (1934). 
2 W. D. Bancrort, book review in J. Phys. Chem., 33, 1118 
1929). 


v = F(p)T 
p = fT 


in which the constants K and k have been replaced by 
functions of and v. Each equation expresses now a 
relationship between , v, and 7,,these relationships be- 
ing dependent upon the form chosen for F(p) and f(z). 
We must find forms for these functions such that the 
two equations may become simultaneously true. 

We take T as a variable dependent for its value upon 
p and 2, which we shall treat as independent variables. 
We then consider the two equations as simultaneously 
true and combine them by eliminating T: 


Vs 


7 


v 
F(p) 
of(v) = pF(P) 


We now reason from this equation as follows: 

The left-hand side of the equation contains only one 
variable, v, and the right-hand side only the variable 
quantity p. These two variables are independent of 
each other, consequently each side of the equation va- 
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ries independently, if at all. But the two sides of an 
equation cannot vary independently, therefore, there 
can be no variation; that is, they are constant. 
We write them equal to the conventional constant R: 
uf(v) = R 
pF(p) = R 


From these we find the required form of the two func- 
tions: 
F(p) = 


fo) =: 


Substituting, we obtain 


| = F(p)T = 


. PRIMARY AMINES FOR USE 
IN ORGANIC LABORATORY COURSES 


N. BEVERLEY TUCKER 


Virginia Military Institute, Lexington, Virginia 


MANY elementary manuals of organic chemistry, 
in taking up the study of primary amines, use a 
dilute solution of methylamine prepared from acet- 
amide by Hoffman’s hypohalite method. It is sug- 
gested that the experiments usually performed with 
this solution might well be supplemented by some with 
a liquid amine which can be handled in concentrated 
solution. 

For this purpose, ethylenediamine is suggested. It 
can be purchased fairly reasonably in sixty per cent. 
aqueous solution. It shows quite satisfactorily the usual 
reactions of a primary amine, such as the formation of 
an odoriferous isocyanide in solution, precipitation 
and re-solution of silver and cupric hydroxides, precipi- 
tation of ferric hydroxide, etc.! It reacts violently with 
acid sodium nitrite. The hydrochloride and sulfate are 
easily prepared by simply adding the concentrated 
acid to the diamine solution diluted with alcohol. 

The formation of a substituted amide by heating the 
ammonium salt may be illustrated by adding glacial 
acetic acid to the diamine solution and distilling to a 
temperature of about 175°C. The residue of diacetyl 
ethylenediamine? is best purified by recrystallization 
from a mixture of ethyl acetate and alcohol. Many 
other simple experiments suggest themselves. 


1 FISCHER AND Kocu, ‘‘Reactions of diamines,’ Ann., 232, 222 
(1886). 

2 HoFFMAN, “Notiz iiber Anhydrobasen der aliphatischen 
Diamine,” Ber., 21, 2332 (1888). 
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Or, 


In a similar manner, we could have proceeded from 
the two statements: 


pu = RT 


err 
p 


o = KT 


considering p and TJ as the independent variables, and 
eliminating v. 

The method of derivation suggested here is purely 
algebraic, and is perhaps as nearly as possible self-con- 
tained. The reasoning may be difficult for some, since 
the conceptions of variables which are independent, of 
equations which are simultaneously true, of functions of 
a variable, and of functions which remain constant, 
are not easily and immediately formed. 

Thanks are due Messrs. E. B. Ashcraft and R. C. 
Mason for helpful criticism and suggestions. 


CORRESPONDENCE 


SOME STUDENT EXPERIMENTS IN THE 
HETEROCYCLIC SERIES—CORRECTION 


To the Editor 


DEAR SIR: 

A letter from Drs. C. B. Pollard and L. G. Mac- 
Dowell draws attention to an error in the paper, ‘‘Some 
Student Experiments in the Heterocyclic Series,” 
[J. CHem. Epuc., 13, 265-72 (1936)], by the under- 
signed. On page 271 the name ‘‘N-Phenylpiperidine”’ 
appears instead of ‘“‘N-Phenylpiperazine.’’ The writers 
regret this slip and hasten to correct it. 

The communication from Messrs. Pollard and 
MacDowell states further that a “‘practical’’ grade of 
diethanolamine, available at a moderate price, is 
satisfactory for the preparation of N-phenylpiperazine, 
and that the procedure outlined in their original note 
[J. Am. Chem. Soc., 56, 2199 (1934)], when amplified 
in certain details, has given good results in the hands 


of their students. 
E. C. WAGNER 


J. K. Smmons 


UNIVERSITY OF PENNSYLVANIA 
PHILADELPHIA, PA. 


A PLAN FOR THE OPEN HOUSE IN 
CHEMISTRY—CORRECTION 


To the Editor 
DEAR SIR: 

In the article ‘‘A Plan for the Open House in Chem- 
istry,” [J. CHEM. Epuc., 13, 72-3 (1936)], the table 
showing the approximate composition of a one-hundred- 
pound girl should have included the item: slaked lime, 
4.5 pounds. 

The content of calcium fluoride should be changed 
to 25 g. 


Mary HarpDINn BAYLoR COLLEGE 
BELTON, TEXAS 


Amy LEVESCONTE 
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B. C.iirrorp HENDRICKS 
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KEEPING UP WITH CHEMISTRY 


Acryloid. ANon. Ind. Bull. Arthur D. Little, Inc., 111, 3 
(Apr., 1936).—A new plastic announced by Rohm and Haas. 
It is one of the great and growing group of aliphatic chemicals 
made from ethylene, which can be derived from petroleum. 
Although a few glass-transparent hot-molded resin products have 
been known, they have not been fully commercialized. This 
plastic is being given consideration for uses in which its trans- 
parency will be an asset, such as laminated glass, airplane win- 
dows, optical lenses, and decorative objects of the gift ae 


Aluminum as protective coating. C. H.S. TupnHoime. Ind. 
Eng. Chem., News Ed., 14, 195 (1936).—A review of European 
developments on the use of aluminum to protect iron and steel 
from corrosion. The advantages of aluminum protection are: 
(1) its resistance to attack by acids other than hydrochloric 
and hydrofluoric acids and to sulfur; (2) non-toxicity of the 
products of its reactions with foodstuffs; (3) the refractory 
nature of the protective oxide film. However, the metal offers 
little resistance to attack by alkali. The method of applying 
pure aluminum sheets to ferrous base metals is not very satis- 
factory, but light alloys of the duraluminum type can be so pro- 
tected. Spraying by the Schoop process and calorizing have 
both proved successful methods of coating iron and steel. These 
coatings protect at high temperatures, because of the formation 
of a thin film of aluminum oxide. Beneath the oxide film is a 
zone of aluminum-iron compound which merges into a second 
zone of aluminum-iron solid solution next to the basis metal 
proper. A. A. V. 

Ihrigizing. Anon. Ind. Bull. Arthur D. Little, Inc., 112, 2 
(May, 1936).—lIhrigizing, named after the inventor, is a 
method of driving silicon into steels or ferrous articles to form a 
protective case of almost any desired thickness, of approxi- 
mately 14% silicon. In resistance to chemical attack by hot 
concentrated acids, Ihrigized steels display remarkable proper- 
ties. Wet chlorine and salt spray are successfully withstood. 
The resistance to heat and wear is also greater than in many 
types of treated steel. Unusual electrical and thermal proper- 
ties are shown by Ihrigized steel. One positive requirement for 
Ihrigizing is that the sulfur content of the metal below. G.O. 

On behalf of dryer articles. ANon. Ind. Bull. Arthur D. 
Little, Inc., 112, 3 (May, 1936).—A new process of air-drying, in 
which no heat is supplied, no fresh air used, and no wet air thrown 
away, depends on the moisture-absorbing capacity of a solution 
of lithium chloride, formerly of little commercial importance. 
In this process the moist air leaving the dryer comes in contact 
with a hot, concentrated solution of lithium chloride which ab- 
sorbs the water vapor and heats the air, the dried hot air return- 
ing to the dryer. This is not perpetual motion since heat must 
be applied to evaporate the moisture from the lithium chloride; 
but the amount of heat needed is only slightly greater than that 
needed to vaporize water. O. 

Palladium. Anon. Ind. Bull. Arthur D. Little, Inc., 112, 3 
(May, 1936).—Palladium, now produced commercially in this 
country and in France, offers itself as a fit companion for gold 
leaf. Silvery white, it is a metal of extraordinarily good malle- 
ability, and may be beaten into sheets only 1/250,000 inch thick. 
It is tarnish- proof, corrosion-proof, and of beautiful color. 
The metal itself is rare, but is less expensive than platinum and 
gold. It is found in small amounts in the nickel ore at Sudbury, 
Ontario, and in isolated places widely distributed over the earth. 
It is a metal well liked by dentists and jewelers. It is stronger 
than white gold and alloys well with other metals. It is 
notable for its power of occluding hydrogen. Either alone, or 
as contrasting material with gold leaf, it serves the sathe purposes, 
as for book edges, lettering, and even for coating leather for ‘“‘sil- 
ver’’ slippers. G. O 


Soil solidification. ANon. Ind. Bull. Arthur D. Little, Inc., 


112, 3-4 (May, 1936).—Chemical engineering processes are 
turning sandy soil, quicksands, and quagmires into usable 
foundations for heavy structures by injecting into the soils cer- 
tain chemicals like metasilicic acid, and water-glass; or lime or 
concrete into fissures and veins in clay subsoils, and aluminum 
salts into clays. There is also an electrical process like electro- 
plating which modifies the character of the aluminum salts in the 
clays. Use of these methods may be found in Europe in the 
construction of public buildings, cathedrals, and churches. 


G. O. 

Philosophers’ stones. Anon. Ind. Bull. Arthur D. Little, 
Inc., 112, 4 (May, 1936).—This is an attempt to describe the 
various synthetic stones. Excellent synthetic rubies and 
emeralds are now produced, practically identical in composition 
with the natural gem stones, but present prospects are dim for the 
production of synthetic diamonds. Synthetic jewels were first 
produced a century ago when the French chemist, Gaudin, 
fused aluminum oxide, variously colored, in an oxyhydrogen 
blow pipe. Today France and Germany are turning out thou- 
sands of carats per day of synthetic jewels. A large quantity of 
synthetic stones goes into jewelry, but many of them find use as 
the ‘“‘jewels’”’ of watches and electrical instruments. The syn- 
thetic cut stones are rarely sold as natural because experts have 
no difficulty in distinguishing them by their ‘‘inclusions.”’ 
Natural stones are shot through with needles of rutile or other 
minerals arranged in such a way as to form a star. The syn- 
thetic stones have no inclusions of this type but have their own 
tell-tale collections of tiny bubbles. The technical production of 
these jewels is this: an ammonium alum or pure alumina is 
calcined at 2400°F. and ground into a powder. Coloring agents 
are added and the mixture is fed into the hot zone of an oxy- 
hydrogen blast, which fuses it to a mass that is built up until a 
sizable ‘‘boule’’ is produced with a ‘‘seed crystal’ as a pattern 
initiator. The boule is very much like a stalactite or icicle, with 
the large end about */,” in diameter. From one of these, single 
stones of 30 to 300 carats may be cut, but only when the colora- 
tion is uniform. 

Laundry research. G. H. JOHNSON. 
366-8 (Apr., 
‘“‘safety razor business’ of the chemical industry. It is a con- 
stantly repeating, small-unit sale to some six thousand laundries 
scattered throughout every city in the land. 

Yet the gross annual chemical consumption of the American 
laundries, if it might be fully tabulated, would not compare 
badly with the chemical consumption of the great steel industry, 
or even our total chemical exports. 

Let us check over briefly the chemicals used in the power 
laundry. The five basic ones—called by laundrymen ‘‘deter- 
gents’’—are caustic soda, soda ash, modified sodas (chiefly the 
sesquicarbonates), trisodium phosphate, and the meta-, ortho-, 
and sesqui-silicates. But, although the most important, these 
only begin the list of laundry chemicals. For ‘‘sours’’ the 
laundries use acetic acid (both 56-degree and glacial grades), 
oxalic acid, more rarely formic acid, while for years they have 
been increasing their consumption of sodium and ammonium 
acid fluoride and also sodium and ammonium fluosilicate. The 
favored bleaching agent for white cotton and linen is sodium 
hypochlorite and for removing stains they employ as reducing 
agents the hydrosulfites. For bluings the modern laundry has 
left ultramarine and Prussian or cobalt blues and under careful 
chemical control employs dyestuffs of the basic or acid type with 
asmall but growing use of vat dyes. 

All these are strictly chemical products, and to them must 
be added the soaps, of which a wide variety are bought, each for 
specific operations. For high-temperature washing, 38-42° 
titer, or less, olive oil or red oil soaps. Neutral soaps (basis 
88-92 per cent.) and ‘“‘built soaps,” in which the alkaline deter- 


yO. 
Chem. Industries, 38, 
1936).—Laundry trade might well be called the 
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gent is ready-mixed, are also purchased in quantities. Finally, 
there are the starches—corn, wheat, and rice, straight or in 
various mixtures. From soap and detergent starch and bluing, 
all these chemical products are known to the laundry buyer as 
“supplies.” In addition, considerable salt is used for daily 
regeneration of zeolite softeners. In a few instances, lime, soda 
ash, and alum, or sodium aluminate, are used for water-softening 
purposes. 

An industry composed of many small units, each unable to 
afford a laboratory and scientific staff, sorely needs some central- 
ized bureau of research. Since each laundry serves but a local 
community, the industry as a whole is peculiarly non-competi- 
tive, so that codperative research is a feasible as well as a practical 
undertaking. 

In this wise, reasoned a group of broad-visioned laundry owners 
many years ago. The beautiful, efficient building of the Insti- 
tute of Laundering, its plan and program are practical realiza- 
tions of this vision. 

Most laundry owners are practical men, and Mr. Fitch, one of 
the founders of the Institute of Laundering, and his committee 
wisely foresaw that if this Institute were to succeed it must 
operate a real laundry, doing commercial work at regular rates 
and under average operating conditions. It was desirable that 
it be centrally located. It would be a better test if it could be 
located in a hard-water zone. It is unthinkable that the Associa- 
tion should set up a publicly owned, coéperative model laundry in 
competition with any of its own members. 

Joliet was the answer to these requirements. Geographically 
correct, supplied with ‘“‘hard water,’’ it was possible here to buy 
out the existing commercial laundries. So the heart of the re- 
search is a regular plant-scale operation, a practical, commercial 
laundry serving a city of 46,000 inhabitants. 

The first and foremost objective is to improve practical launder- 
ing technic. To this end they are constantly experimenting with 
changes in method and supplies, and trying them out with all 
possible variations of time and temperature and in many combina- 
tions, in order to work out practical working methods they can 
recommend to the members of the Laundryowners National 
Association of the United States and Canada. 

In the routine of carrying on such tests they may come, from 
time to time, upon corrections or desirable modifications in the 
directions given out by manufacturers. Quite unofficially, they 
pass these along. More rarely, they discover what are pretty 
clearly misstatements of facts or claims which cannot be sub- 
stantiated. In these cases, they privately call the attention of 
the manufacturer to their findings. Nine times out of ten the 
necessary correction is made at once. 

They make no endorsement of supplies. This policy has 
been adopted for the good and sufficient reason that they have 
neither time nor facilities to test completely and compare ac- 
curately all brands. To meet this situation, four years ago they 
established a system of Fellowships under which they lay out a 
program of determinable tests to be sponsored by a supply com- 
pany, and the company’s own technician works with their 
staff, using Institute facilities. Usually this work is to deter- 
mine exactly how a certain product may best be used in com- 
mercial laundry technic. 

They had a very interesting experience recently. A company 
took there for trial a new detergent which they enthusiastically 
believed was going to revolutionize laundering practice. Jointly 
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they submitted it to exhaustive tests. It proved to be nothing at 
all remarkable. The company decided to drop it; thus they 
saved themselves the cost of trying to introduce an ordinary 
product which could never have become a great commercial 
success. They certainly made a wise investment in the few 
hundred dollars that they paid as two-months’ Research Fellow- 
ship fee. A. S.B. 

Rejuvenating oil fields. ANon. Laboratory, 7, 69-70 (1936). 
—Not many years ago an important project was started in 
the then-abandoned oil field of Branford, McKean County, 
Pennsylvania. By flooding the depleted oil sands in this area 
with water it was found possible to recover part of the oil which 
no longer could be obtained by ordinary pumping methods. 

Briefly it consists in pumping water under high pressure 
down to oil-bearing sands. The water replaces the oil from the 
interstices of the sand, flushing it into the old wells, or into new 
wells sunk for that purpose. A common practice is to spot four 
wells around a central well through which the oil is recovered. 

Not all of the oil left in a depleted sand can be recovered in 
repressuring operations. However, methods are now being 
studied that will permit recovery of part or all of this residual oil. 
Success of this research will push the date of the impending oil 
shortage still farther into the future. A. T..B. 

The destructive action of cold water on metals. F. Topr. 
Chem.-Ztg., 59, 924-5 (Nov. 13, 1935).—Of all metals iron is 
attacked the most readily. The corrosion of iron in stationary 
air- containing water amounts to 3 g./sq.m.perday. This shows 
that a piece of sheet iron 1 mm. thick and 1 sq. m. in size and 
weighing about 8 kg. would be completely corroded in 8000/3 = 
2700 days. L. S. 

The problems of the scientist, technician, and business man 
in the fields of ethereal oils and perfumes. F. ROcHUSSEN. 
Chem.-Ztg., 60, 6-7 (Jan. 1, 1936).—A survey. L. S. 

Metallic utensils in the food industry and the kitchen. A. 
BEYTHIEN. Chem.-Zitg., 60, 107-9 (Feb. 1, 1936).—The re- 
sistance to food products of silver, tin, nickel, aluminum, cop- 
per, cadmium, chromium, zinc, zinc alloy, antimony, and lead 
equipment is discussed. Fifty references. L.S. 

The anionic character ofiron. R.ScHOLDER. Angew. Chem., 
49, 255-9 (Apr. 18, 1936).—The chemical and electrochemical 
action of iron on water and alkalies is reviewed. The corrosion 
of iron by strong alkalies was studied and it was found that the 
solution of iron in strong hot alkalies is caused by the base 
potential of the iron and the formation of complex ferrous hy- 
droxy] anions. 


Fet+ + 40H == [Fe(OH),]-- 


Definite hydroxoferroates were isolated from the ferroate solu- 
tions. Examples are Na,[Fe(OH),] and Ba,[Fe(OH),]. The 
oxidation of ferroate solutions under different conditions yielded 
well-crystallized, colorless hydroxoferrites and two isomeric 
metaferrites of the formula NaFeO,. In solutions of strong alka- 
lies the trivalent iron is present as hydroxo anion. The greenish 
and reddish tints of iron-containing alkalies on the addition of 
sodium sulfide are caused by the formation of thiohydroxo- 
ferroate and ferrite, respectively. No perferrates of the type 
K.FeO;, containing octavalent iron, could be obtained, contrary 
to the reports of other investigators who claimed that they had 
obtained such compounds. bees 


APPARATUS, DEMONSTRATIONS, AND LABORATORY PRACTICE 


A modified technic for the Kjeldahl procedure. A. HENwoop 
AND R.M. Garey. J. Franklin Inst., 221, 531-8 (Apr., 1936).— 
This method is intended to ameliorate or remove inconvenient 
features attending the technic of the macro method, such as 
escape of sulfuric acid; foaming; time required for digestion; 
complication of apparatus with glass traps; condensing sys- 
tem; and unnecessarily large quantities of materials required. 
The authors use a 100-ml. Kjeldahl flask, and other parts of the 
apparatus are in proportion. The apparatus described and 
illustrated overcomes the enumerated objections. Selenium is 
used as suggested by Lauro in 1931 to assist in the oxidation of 
the organic matter, and materially reduces the time for digestion. 
Deci portions of materials are used. Twenty-one steps in 
technic are enumerated. The method was tested with am- 
monium chloride; ammonium oxalate; ferrous ammonium 
sulfate; flour; glutamic acid; ‘‘plant food’’; Cuban tobacco. 
Results illustrated the accuracy of the method. On the side of 
convenience and economy of time, it seems very much to be 


preferred to the usual macro method. Two Kjeldahl deter- 
minations can be completed in about an hour without undue 


haste. : 
Demonstrating the migration of ions. Sch. 


piven 
S. ZuUFFANTI. 
Sci. Math., 36, 502-4 (May, 1936).—A method for demonstrating 
clearly the concept of migration of ions as used at Northeastern 


University, Boston, Mass. A 1” X 8” “U” tube with plati- 
num electrodes is used. The following three solutions are re- 
quired in the preparation of the ‘“‘U’”’ tube. Solution No. 1:10 
g. KNO; dissolved in 25 ml. H20. Solution No. 2: 8 g. of Bacto- 
Agar dissolved in 300 ml. of boiling H,O with a little powdered 
K.SO, added. The solution is cooled to 50°F. and 5 ml. con- 
centrated NH,OH is added. Solution No. 3: 3g. CuCrO, is 
added to 300 ml. of H,O and then glacial acetic acid is added in 
portions of one ml. until solution becomes clear. The clear solu- 
tion is then heated to boiling and 8 g. of Bacto-Agar is added, with 
stirring. The heating is then continued until all of the materials 
are dissolved. Solution No. 3 is prepared first and added to 
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about 3 inches depth in the ‘‘U” tube. After this has jelled, 
solution No. 2 is prepared and poured into both arms of the 
“U” tube to an added depth of about 3 inches. Finally, after 
No. 2 has jelled, add solution No. 1 to both arms of the ‘‘U” 
tube to cover the electrodes. The ‘‘U”’ tube is placed in a 2-liter 
beaker and the latter is filled with ice and water mixture. A 
110-volt p.c. line with a 250-watt bulb in series with the elec- 
trodesis used. Start the experiment shortly after class convenes. 
After 5 to 10 minutes the solution No. 2 on one side becomes 
blue because Cutt migrating to this region forms blue Cu- 
(NHs3)s**+. Solution No. 2, on the opposite side, becomes yellow 
through the migration of CrO,—~ into this region. In time solu- 
tion No. 2 becomes entirely blue on one side and yellow on the 
other, and solution No. 3 becomes colorless due to the disappear- 
ance of CuCrOQ,. The poles may be reversed and all regions 
will return to original appearance or color. Time required for 
assembling the entire apparatus is a half hour. The experi- 
ment is illustrated by two drawings. j.B..G. 

A new instrument for absolute viscosity measurements. 
Anon. Laboratory, 7, 72-3 (1936).—One viscometer for test- 
ing all grades of bituminous road materials, from the lightest 
primers to the heaviest penetration binders, is one of the latest 
appliances made in Fisher’s instrument shop. AE. Be. 

A new drying agent. Anon. Laboratory, 7, 74 (1936).—The 
efficient performance of activated alumina in drying gases is 
well known. A recent improvement that will increase its useful- 
ness for many purposes is an indicating grade that has been im- 
pregnated with a chemical compound which changes color as it 
takes up moisture. 

While the usual activated alumina can be used in drying all 
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laboratory gases, the colored variety can be employed only in 
drying air because gases such as pure oxygen, hydrogen, sulfur 
dioxide, etc., react with the indicator and destroy it. The prin- 
cipal application is in towers for drying air, in desiccators, bal- 
ances, and other closed appliances which should be kept free from 
moisture. 
Like the regular white grade the colored alumina eae be revived 
simply by heating to 350° to 600°F. eon. 
Credit where creditisdue. Anon. Laboratory,7, 7” (19386). -—— 
Recently Ainsworth completed a special micro balance for one of 
our Government laboratories which permits the weighing of a 
20-gram load with a reproducibility of 0.0005 mg. (0.000,000,5 
gram), or the equivalent of one part in 4,000,000. The honor 
goes to U. S. A. and her modern laboratory tools. A. T. B. 
The preparation of aluminum carbide, AlL,C;. O. Rurr. 
Chem.-Zig., 60, 28 (Jan. 4, 1936).—Mix pure aluminum filings 
with the theoretical amount of finely powdered, ash-free coat, 
fill into a closed carbon crucible, and heat in nitrogen-free at- 
mosphere of hydrogen at a temperature of 2000 °C. for 30 minutes. 
Avoid superheating. The product is dark orange and its purity 
depends on the purity of the raw materials used. L. S. 
The electrolytic deposition of divalent europium. A. BRUKL. 
Angew. Chem., 49, 159-61 (Feb. 29, 1936).—Europium can be 
separated easily from other rare earths by electrolytic reduction 
with mercury cathodes. If the material contains less than 2% 
Eu.O; it is necessary to use the isomorphous SrSQ,; this salt 
need not be used for higher concentrations. While older methods 
yield only a small fraction of the europium present after years of 
tedious recrystallizations, this method will give good yields of 
high purity after a few weeks’ work. L. S. 


SCIENTIFIC REVIEWS AND BIBLIOGRAPHIES; TABULATIONS OF SCIENTIFIC DATA 


Modern explosives—I. S. I. Levy. Sch. Sct. Rev., 17, 
341-9 (Mar., 1936)—Though smoke- and flame-producing 
devices were known to the Greeks and Egyptians, no true ex- 
plosive system was known until the discovery of gunpowder by 
Roger Bacon in the thirteenth century. This mixture remained 
the only explosive until the middle of the nineteenth century, but 
is of little importance today, having been superseded by the 
aliphatic and aromatic nitration products. The first to be 
discovered were the aliphatic nitrates—nitrocellulose, by Schén- 
bein in 1845, and named by him guncotton, and nitroglycerin, by 
Sobrero, in 1846. The first aromatic nitro body proposed for 
use as a high explosive was picric acid. Trinitrotoluene came 
into use in Europe shortly before the war. Mixtures of these 
with one another, and with other substances, constitute all the 
explosives in use today. Explosives are usually classified under 
two main headings: high explosives, and propellent or blasting 
explosives. These divisions are based on the speed of decom- 
position of the material. In addition, there is the third class 
known as detonators, which explode on mere percussion, and in 
which the speed of propagation of the wave is so high that it can 
initiate explosions in systems otherwise very inert. The most 
commonly employed detonator is fulminate of mercury. The de- 
tails of the technical nitration of glycerin and cellulose and the 
manufacture of certain propellent explosives are ene 


The segregation of isotopes in nature. F. A. PHILBRICK. 
Sch. Sci. Rev., 17, 350-6 (Mar., 1936).—With the exception of 
lead, and perhaps boron, hydrogen is the only element whose 
isotopic composition in the natural state is known to be variable. 
Various precise methods have been developed to determine the 
isotopic ratio of hydrogen in water extracted from natural 


sources. If the water is available in small quantity (e. g., 0.05 
cc.) the proportion of deuterium oxide may be estimated by 
measuring the refractive index with an interferometer. The 
precision is 1 part per million. Another method is to reduce the 
vapor with a hot tungsten wire and measure the thermal con- 
ductivity of the resulting hydrogen-deuterium mixture. For 
larger amounts the float-temperature method is still popular, 
and includes a modification based on the principle of the Car- 
tesian driver. The best work by this method has a precision of 
about 0.2 part per million. Sea water distillates show a con- 
siderable variation in deuterium content with locality, the 
heaviest reported being from the Polar Sea at latitude 78°. 
Water from the Dead Sea, or Great Salt Lake, where evapora- 
tion is rapid, has a density excess of from 2 to 3 X 10>, and 
water of hydration of carnallite from the Stassfurt deposits and 
of native borax tetrahydrate from the California deposits, both 
supposed to be residues of inland seas, have density excesses, 
respectively, of 3.4 and 6.7 X 10-*. The deuterium content of 
sea water also appears to vary with the depth of the sea. Water 
produced by the burning of petroleum and natural gas has 
been found to be abnormally heavy. 

Water from human urine has the normal density, but human 
blood has an excess of 1.0 X 10-*. Whereas human milk showed 
an excess of 2.3 X 10~*, cows’ milk had a deficit of 0.7 X 107. 
Many other examples are cited. Spéculations regarding the 
cause of segregation are discussed, and 39 references are given. 

Ss. W 


Distribution of the useful metals in the earth’s crust. Ra 


Noppack AND W. Noppackx. Angew. Chem., 49, 1-5 (Jan. 4, 
1936).—A review covering the composition of the earth’s crust, 
the distribution of elements in minerals, and the location of ores 
in the earth’s crust. L. S. 


PROFESSIONAL 


Reference list for women interested in chemistry as a profes- 
sion. G.B.Rosgz. Ind. Eng. Chem., Anal. Ed., 14, 206 (1936).— 
Compiled by the Women’s Service Committee of the American 
Chemical Society. 

“The references selected are those which give information 
concerning the following points: training required; where it 
can be obtained; aid available for obtaining it; types of work 
that chemists do; types of work that women chemists have done; 
fields of work and types of organizations employing chemists; 


sections of the country where such work is done; types of work 
done by chemical engineers; salaries paid to men and to women in 
various groups; what the future offers. 

“The list is definitely not a reading list concerning women in 
chemistry, but a series of books and articles by means of which a 
young woman considering her future can get some idea about 
chemistry as a profession and can determine to some extent 
whether her personality, ability, tastes, and hopes would be 
satisfied by choosing it from among all the kinds of work to 
be done in a highly complex civilization such as ours.” O.R. 





RECENT BOOKS 


TEXTBOOK OF QUANTITATIVE INORGANIC ANaLysis. J. M. 
Kolthoff, Professor of Analytical Chemistry, and E. B. Sandell, 
Instructor in Analytical Chemistry, University of Minnesota. 
The Macmillan Company, New York City, 1936. xv + 749 
pp. 116 figs. 14 X 22cm. $4.50. 


The purpose of the book is well expressed in the preface: “It 
seemed desirable to the authors to have available a book that 
could be used as an introductory text and which in addition 
would have the more or less comprehensive character of an ad- 
vanced textbook, so that it would be suitable for use in beginning 
and advanced courses in analytical chemistry. With this aim in 
mind the authors have written the present work, in which there 
is contained material designed to make the student familiar with 
the fundamental theories of the subject, the practical methods of 
working, and the most important classical procedures.” 

The authors deal first with gravimetric analysis, devoting the 
first hundred fifty pages to a good development of the theoretical 
background—the mass-action law and solubility products; quan- 
titative separations, the properties of precipitates, and copre- 
cipitation; water in solids; and the theory of electroanalysis. 
The next hundred thirty pages cover a valuable discussion of gen- 
eral pragtical considerations—reagents; the properties, advan- 
tages, and disadvantages of different materials used for analytical 
utensils; a practical and well-illustrated section on weights and 
weighing; a good description of the technic of common quantita- 
tive operations; and a discussion of errors. 

The next two hundred pages deal with specific gravimetric de- 
terminations. These include water, chlorine in soluble chlorides, 


iron, aluminum, sulfur (as barium sulfate), calcium, magnesium, 
limestone, phosphorus, silica, sodium, and potassium. Each 
procedure is well described in theory and practice. 


Possible 
sources of error are taken up and their elimination is explained. 
In comparison to the space devoted to other gravimetric proc- 
esses, however, it seemed to the reviewer that a ten-page discus- 
sion of the analysis of copper and nickel does not do justice to the 
subject of electrolytic determinations. 

Volumetric analysis is introduced by eighty pages of discussion 
of the general theory of acid-base titrations; analyses based on 
precipitation and complex-formation; oxidation-reduction reac- 
tions; and electrometric titrations. Twenty-five pages are de- 
voted to the use and calibration of glassware. This is clear, con- 
cise, and practical, although it would be more complete if it in- 
cluded a description of the use of the Ostwald calibrator for bu- 
rets. 

The last hundred pages of this section deal with specific volu- 
metric determinations; acid-base titrations, using various stand- 
ard substances; argentimetry and mercurimetry; and oxidation- 
reduction titrations involving permanganate, dichromate, ceric 
sulfate, iodine, bromate, and hypochlorite. 

The next section of fifty pages contains a discussion of colori- 
metric and spectrophotometric methods, followed by an enumera- 
tion of a number of other methods based on physical measure- 
ments, with enough references to guide the reader to the detailed 
description of any of these special methods which seemed suitable. 

The last seventy-five pages of the text are devoted to the an- 
alysis of such complex substances as brass, steel, and silicate 
rocks. 

A number of illustrative problems and exercises are given at 
the end of each section or chapter, but this feature of the book 
might well be amplified. The usefulness of the book, particu- 
larly in an elementary course, would be increased by the inclusion 
of a few more pages devoted to the methods of chemical calcula- 
tions, preferably in terms of equivalents, which give a logical 
foundation for the introduction of chemical factors. It would be 
a decided advantage to the teacher if more problems were in- 
cluded, and the student’s self-reliance would be strengthened if 
answers were supplied for only a few representative problems. 

The authors have succeeded in presenting the theory and prac- 
tice of quantitative inorganic analysis in a form suitable for an 


elementary one-year course and also for advanced work. Their 
book is logically organized, clearly written, well illustrated, and 
attractively printed and bound. They should be commended es- 
pecially upon the wealth of laboratory technic which is clearly 
presented to the student. This feature of the book will lighten 
the task of the instructor and save the time of the student. The 
many references to the original literature are also an excellent 
feature which will be useful to the teacher and which will enable 
the student to acquire a familiarity with journal literature and 
standard reference books. 
FRANK T. GUCKER, JR. 


NORTHWESTERN UNIVERSITY 
EVANSTON, ILLINOIS 


THE COLLECTED SCIENTIFIC PAPERS OF SIR WILLIAM BATE 
Harpy. Published under the auspices of the Colloid Commit- 
tee of the Faraday Society. Cambridge: at the University 
Press; New York City: The Macmillan Company, 60 Fifth 
Avenue, 1936. x-+922pp. 1l15plates. 18 X 26cm. $18.00. 


This handsome example of the typographer’s art has been made 
available at the comparatively modest price asked, by grants from 
the Dominion Governments of Australia, South Africa, and New 
Zealand; the Master and Fellows of Gonville and Caius College; 
the Royal Society; and the Chemical, Biochemical, Physiologi- 
cal, and Faraday Societies. 

The volume contains a splendid frontispiece portrait and fif- 
teen other special plates, several of them in color. There is a 
preface by Eric K. Rideal, a table of contents listing the titles of 
the fifty-nine collected papers, together with references to the 
original publications, and an adequate index. 

Those who are sufficiently acquainted with Sir William Bate 
Hardy’s work to be interested in this collection need not be re- 
minded of the logic and lucidity of his thought, of the thorough- 
ness and accuracy of his experimental work, nor of the beauty and 
simplicity of his literary style. 

Otto REINMUTH 


GENERAL CHEMISTRY. Alexander Smith. Revised by James 
Kendall, Professor of Chemistry in the University of Edin- 
burgh; formerly Professor of Chemistry at Columbia Univer- 
sity and at New York University. Revised edition. D. 
Appleton-Century Company, New York City, 1936. xxviii 
+ 691 pp. 173 figs. 13.5 X 20cm. $3.50 net. 


The second edition of this book should not be considered to be 
the result of a general revision of the previous edition, but rather 
a refining and development of a number of innovations which 
found such wide general acceptance in the first edition. The 
main objective which the author has in mind is to provide a suit- 
able text for a cultural course. He has tried to meet the de- 
mands of both types of students usually found in the ordinary 
first-year inorganic course, namely, those who will have to pur- 
sue the study of the science farther for professional purposes, and 
those who have chosen chemistry as the required scierice elective 
in their regular arts curriculum. 

In the reviewer’s opinion, the author has succeeded very well 
in his task. In attempting to write a general chemistry, there is 
always the danger of making it too ‘‘general’’ and not providing 
sufficient chemistry. Prof. Kendall has maintained a balance 
between what might be termed the humanistic side of the subject 
and the traditional aspects of chemistry. He has done well in 
providing a human as well as a humane textbook of chemistry. 
The descriptive material is presented in a manner which will ap- 
peal to the student who has had but a slight previous acquaint- 
ance with the subject, or perchance knows nothing of the science 
at all. 

The volume preserves the general continuity of the subject as 
at present taught. Fundamental principles are practically all re- 
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tained and are discussed for the most part, indeed, in consider- 
ably greater detail than is customary in an introductory course. 
Particular stress has been laid upon development of atomic and 
molecular theories, upon recent work on crystal structure, upon 
valence and atomic structure, upon chemical equilibrium, and 
upon new ideas regarding ionization. The Debye-Hiickel theory 
of complete dissociation is presented to an extent sufficient to 
provide the student with an understanding of the modern ideas 
of ionization without making it so complex as to confuse him. 

An innovation which deserves mention is the appending to 
each chapter of some “‘reading references.’”’ This is an excellent 
idea, though the number of references in each case is too few. 
A large number of problems appear toward the end of each chap- 
ter. These are very good and help much in getting the material 
over to the student. 

The format of the book is good. Its type is clear and the para- 
graph headings are in heavy black type which sets the descriptive 
material off in a splendid manner. The book is comprehensive, 
though not too bulky. In the opinion of the reviewer, the text 
ought to be one which the average first-year student will find 
relatively easy and interesting to read and study. Undoubtedly, 
more is included within the 691 pages than can be studied in de- 
tail in one college year. Nevertheless, the arrangement of mate- 
rial is logical, though following the traditional tabulation of 
topics. It would probably be preferable to have Chapter X XVI, 
Atomic Numbers and Isotopes, and Chapter XXVII, Atomic 
Structure and Valence, follow immediately after chapter XXIV, 
which discusses the Periodic System. It would be still better if 
all the material relating to atomic structure could be presented in 
the first part of the book, rather than in the middle part of the 
text asit nowis. Of the total forty-six chapters, only eight have 
to do with the chemistry of the metallic elements. It would 
seem that the treatment accorded the latter is rather scant. 

In conclusion, however, the reviewer desires to compliment the 
author and publisher and to recommend the book to any teacher 
of first-year chemistry. 

RALPH K. CARLETON 


RHODE ISLAND STATE COLLEGE 
KINGSTON, RHODE ISLAND 


THE ROMANCE OF CHEMISTRY. William Foster, A.M., Ph.D., 
Russell Wellman Moore Professor of Chemistry in Princeton 
University. Second edition. D. Appleton-Century Com- 
pany, New York City, 1936. xviii + 497 pp. 32 figs. 33 
illustrations. 14 X 21cm. $3.00. 


Of the many attempts to popularize science through the printed 
page few achieve the distinction of a second edition. No author 
has approached the popularity of Slosson, but Lodge, Eddington, 
Jeans, and Millikan have produced works which have called 
forth numerous reprintings as well as second editions. To this 
select company we may now add the name of William Foster. 

In the preface to the new edition Foster states, ‘Since the pub- 
lication of The Romance of Chemistry nearly a decade ago, many 
new discoveries have been made in the field of chemistry. It has 
been necessary, therefore, to rewrite certain portions of the book, 
particularly those parts which deal with the structure of matter 
and artificial transmutation. Moreover, new topics have been 
added, such as ‘heavy hydrogen’ and ‘heavy water.’ The latest 
information concerning vitamins is given; and the production of 
hydrocarbon oils from coal is discussed. Many new statistics 
have displaced the older ones; and the reading references have 
been thoroughly revised. 

“A new chapter (XXVII) entitled ‘The Archzologist’s De- 
pendence on Chemistry’ has been added. This chapter deals to 
a considerable extent with recent excavations at Corinth and at 
the Agora in Athens.” 

An examination of the new edition proved disappointing to the 
hopes aroused by this preface, for while some thirty changes were 
noted, less than a fourth of these involved as much as a para- 
graph, and each chapter of the new volume carries the same page 
number as in the old. Indeed, Professor Foster exercised such 
ingenuity in making substitutions that the plates for very few 
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pages, aside from those on which changes were made, had to be 
touched. The imposition of such limitations naturally precludes 
the modernization of a book of the nature of The Romance of 
Chemistry. 

JoHN R. SAMPEY 


FuRMAN UNIVERSITY 
GREENVILLE, SOUTH CAROLINA 


INLEIDING TOT DE PHYSICHE CHEMIE EN COLLOIDCHEMIE. (In- 
troduction to Physical and Colloid Chemistry.) H.R. Kruyt, 
University of Utrecht. Sixth edition. H. J. Paris, Amster- 
dam, 1936. vi+184pp. 63 figs. 13.8 X 21.5cm. 


A review of the German edition of this introductory text ap- 
peared in 1926 [J. Cuem. Epuc., 3, 848-9 (July, 1926)]. The 
fact that a sixth edition has been necessary, twelve years after the 
book was first published, is striking evidence of the popularity of 
this brief text which was written by the author to supply the needs 
of students of biology and medicine in the Dutch- and Flemish- 
speaking countries. In spite of its limited scope Kruyt has in- 
cluded in this edition an adequate discussion of the modern the- 
ories of electrolytes and a brief chapter on reduction and oxidation 
(abbreviated ‘‘redox’”’) potentials. 

In the section dealing with colloids (pp. 95-180) which occupies 
nearly half the book a number of changes and additions have been 
made to bring the text in line with recent advances in this sub- 
ject. The terms suspensoids and emulsoids have been discarded 
in favor of the expressions hydrophobic and hydrophilic. Some 
space is devoted to the phenomenon of co-acervation which has 
been extensively aren in recent years by the author and his 
pupils. Although the book is, no doubt, too brief for a course in 
elementary physical chemistry it is excellent as an introductory 
text in colloid chemistry and might be used as such by those who 
take up colloids only as a side-issue. Most of the elementary 
texts in colloids are altogether too descriptive in character. 
This book furnishes a good physico-chemical background for the 
study of colloids. It is a source of regret to the reviewer that he 
cannot put an English translation of this useful text in the hands 
of groups of pre-medical and biology students who want to ac- 
quire a working knowledge of physical and colloid chemistry. 

H. S. vAN KLOOSTER 


RENSSELAER POLYTECHNIC INSTITUTE 
Troy, NEw YORK 


A LABORATORY COURSE IN ELEMENTARY CHEMISTRY. E. B. R. 
Prideaux, M.A., B.Se., D.Se., F.I.C., University College, 
Nottingham, and F. C. Laxton, B.Sc., A.I.C., University Col- 
lege, Nottingham England. William Heinemann Ltd., Lon- 
don, 1935. Chemical Publishing Co. of N. Y., Inc., exclusive 
agents for this book in North and South America. xiv + 258 
pp. 38 figs. 16 tables. 12.5 X 19cm. $2.00 net. 


This laboratory course is based on ‘‘eXperience and observation 
extending over nearly thirty years at colleges and schools in Lon- 


don, Liverpool, Edinburgh, and Nottingham.”” The experiments 
are chiefly those used at University College, Nottingham. This 
manual includes all the experiments common to our usual ele- 
mentary course, and, in addition, many other quantitative ex- 
periments which might well displace some of the qualitative ones 
often used. The following are representative of the latter type: 
equivalent weight of copper by electro-deposition, volume of CO: 
from magnesite, density of CO, by actually weighing a liter, den- 
sity of air, quantitative determination of the hardness of water, 
relative densities of two liquids by the U-tube method, oxidation 
equivalents with FeSO, and KMnQ, titrations, and the deter- 
mination of iron in steel. 

The number of experiments seems too great to be covered in 
the six hours per week usually devoted to this work. In many 
instances the instructor may choose from several illustrations of 
one principle; for example, the oxygen content of the air is de- 
termined by phosphorus, pyrogallol, iron, and copper. 

In the organic part, identification of N, S, P, and halogens, and 
elementary tests on urea, acetates, alkaloids, etc., are included 
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as well as the usual experiments on starch, sugars, alcohols, and 
hydrocarbons. 

Qualitative tests for the anions and cations are given. The 
outline for separating these is without detailed directions. Only 
a few questions are listed under the individual parts but a section 
of 18 pages gives over one hundred exercises covering almost the 
entire course. 

The book is well written and carefully edited; only a few ob- 
jections can be cited. The reaction of copper with nitric acid is 
explained as a production of hydrogen with its subsequent action 
on the acid. Better tests for boron and a simpler preparation 
of iodine could be given. On page 146, carbon monoxide has a 
triple bond. In the preparation of bromine, page 66, the addi- 
tion of chlorine water is omitted. 

The American student may be amused at the designation of 
“basin” for an evaporating dish and “draught cupboard’’ for 
the hood. 

This Laboratory Course may easily accompany any standard 
text and is a refreshing addition to the many manuals now in use, 


CHARLES E. WHITE 


UNIVERSITY OF MARYLAND 
COLLEGE PARK, MARYLAND 


MATERIALS OF INDUSTRY. Samuel Foster Mersereau, Brooklyn 
Technical High School. Revised edition. McGraw-Hill 
Book Company, Inc., New York City, 1936. xviii + 541 pp. 
237 figs. 15 X 21cm. $2.00. 


This book was written primarily for students in technical and 
vocational high schools who have not necessarily had physics and 
chemistry. It covers forest products, such as lumber, charcoal, 
turpentine, and tanbark; non-metallic minerals, petroleum, as- 
phalt, lime, cement, concrete, ceramic products, building stone, 
and solid fuels; iron and steel; non-ferrous metals (copper, alu- 
minum, lead, tin, zinc, and non-ferrous alloys); and a variety of 
products of which rubber, plastics, and protective coatings are 
the most important. 

Considerable attention is paid to the historical development 
of the industries making products involving chemical changes. 
The illustrations are clear, being mainly labeled line drawings. 
The book is excellently written, the style being clear and simple. 
It is interesting reading even for more mature persons than those 
for whom it is written; and it should be a most teachable book. 

From the standpoint of those trained in chemistry and physics, 
this book will not take the place of such a text as Chemistry of 
Engineering Materials, by Leighou, but it is of value if one wishes 
a brief, simple, and non-technical description of the materials 
used in modern industry. It should be of special service to high- 
school teachers of chemistry and to business men. 

From the standpoint of modern industrial chemistry the book 
is up to date and quite accurate. In a few instances the latest 
method of manufacture is not referred to, but none of the proc- 
esses described are obsolete, and on the whole the presentation is 
quite satisfactory. 

W. T. Reap 


RuTGERS UNIVERSITY 
New Brunswick, NEW JERSEY 


LABORATORY MANUAL OF COLLOID AND SURFACE CHEMISTRY. 
Floyd E. Bartell, Professor of Chemistry, University of Michi- 
gan. Edwards Brothers, Inc., Ann Arbor, Michigan, 1936. xv 
+ 187 pp. 42 figs. 13.5 X 20.5cm. $2.50. 


This volume, cloth-bound, is reproduced by the lithoprint 
process from typewritten manuscript. The format is neat and 
attractive, the paper is good, and the text, illustrations, graphs, 
and equations are as clear as though printed from type. The 
fact that it is lithoprinted in no way detracts from the merits of 
the volume. 

The text covers 126 laboratory experiments in the field of col- 
loid and surface chemistry. These are subdivided into fourteen 
chapters dealing respectively with: Optical Properties; Particle 


Size and Sedimentation; Filtration and Ultrafiltration; Dialysis 
and Electrodialysis; Electrokinetic Phenomena; Surface Energy 
and Surface Tension; Contact Angles, Adhesion Tension, and 
Degree of Wetting; Adsorption and Catalytic Action; Floccula- 
tion and Protective Action; Viscosity, Plasticity and Liquid Ad- 
sorption; Emulsions and Foams; Gels; Osmotic Effects; and 
Synthetic Resins and Plastic Molding. 

The Experiments are, almost without exception, wisely chosen 
to illustrate some important property of colloid or surface be- 
havior, or to emphasize some important concept of surface phe- 
nomena. Certain of the experiments are simple yet fundamen- 
tal, and require a minimum of special apparatus. Such experi- 
ments could be of great value in laboratories where special equip- 
ment is not readily available. Other experiments require highly 
specialized apparatus and accordingly are well adapted for use in 
advanced classes in institutions where colloid chemistry occupies 
an important place in the teaching program. 

One interesting and valuable feature is that most of the experi- 
ments end with a question which the student must answer. 
Sometimes this question involves only correct reasoning from the 
results of the experiments but often the question can only be 
answered by further reference to cited literature, and the inter- 
pretation of the literature citation in the light of the laboratory 
results which the student has obtained. In this way the experi- 
ments are tied into an introduction-to-research program. 

Each experiment is followed by citations to pertinent literature, 
emphasizing not only the source of the experiment but also types 
of problems involving similar phenomena. 

The author has taught colloid chemistry to classes of advanced 
students at the University of Michigan for many years and has a 
thorough grasp of the essentials of this field of chemistry. The 
reviewer knows of no better laboratory manual in the field of 
colloids than the present volume. 

Ross AIKEN GORTNER 


UNIVERSITY OF MINNESOTA 
Str. Paut, MINNESOTA 


DESCRIPTIVE CHEMISTRY. Sherman R. Wilson, Head of the Ex- 
act Science Department, Northwestern High School, Detroit, 
Michigan. First edition. Henry Holt & Co., Inc., New 
York City, 1936. vii + 312 pp. Frontispiece and 177 figs. 
13 X 19.5 cm. $1.20. 


This text has the special purpose of supplying a bird’s-eye view 
of chemistry to modern city children, and was designed to accom- 
pany a half-year lecture-demonstration course. It might be 
used to supply the need for a cultural-elective course for academic 
students. The author hopes it may also serve to some extent as 
a vocational guidance text, opening the eyes of the pupils to the 
opportunities to be found in the study and pursuit of science. 

A very brief chapter on The Composition of Matter intro- 
duces the pupil to atoms, molecules, electrons, protons, symbols, 
formulas, and equations. Of course, there is no attempt to give 
any background for believing in the existence of all these things. 
They are simply handed out in advance so that they may be used 
subsequenily in the presentation of the subject matter of the 
text. Then, in rapid succession, we are told a lot about the at- 
mosphere (something of the historical background is given), fire 
and fuels, acids, bases, and salts, foods, drugs, poisons, and cos- 
metics, clothing and cleaning agents, and building materials, in- 
cluding iron and copper; and the final chapter deals with “more 
metals and alloys.” 

The author has indeed given his pupil a “bird’s-eye’”’ view of 
some parts of descriptive chemistry. Doubtless this rapid-fire 
survey will be enriched by the lecture-demonstration work which 
is intended to accompany it. 

From the standpoint of chemical education one regrets the 
absence of any attempt to teach fundamental principles, laws, 
and theories, but the text is true to its title of ‘Descriptive 
Chemistry.” 

FRANK B. WADE 


SHORTRIDGE H1GH SCHOOL 
INDIANAPOLIS, INDIANA 
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Behind MERCUROCHROME 


(dibrom-oxymercuri-fluorescein-sodium) 


<> is a background of 





Precise manufacturing methods insuring uniformity 

Controlled laboratory investigation 

Chemical and biological control of each lot produced 
Extensive clinical application 


A copy of our First Thirteen years’ acceptance by the Council of Pharmacy 


Aid booklet will i . . oor 
be seat on request. and Chemistry of the American Medical Association 


Hynson, Westcott & Dunning, Inc., Baltimore, Maryland 





TRADE ANNOUNCEMENTS ~ 


Without Soil 


California nurserymen are growing tomatoes, strawberries, 
and sweet peas in chemically treated water heated by electricity. 

The idea has been taken from the laboratory at the University 
of California where Dr. W. F. Gericke has pioneered and de- 
veloped nutrient plant solution agriculture. Commercial 
growers in Capitola, Los Angeles, Watsonville, and Richmond, 
Calif., are using the water basin method for raising tomatoes, 
sweet peas, and strawberries. 

Water-filled vats, on the bottom of which are electric heating 
cables, are covered with mesh chicken wire. Excelsior, saw- 
dust, or suitable litter spread on the wire serves as seedbed and 
insulation against heat loss. Plants or seeds are placed on the 
bedding, kept moist by water in the basins. As the plants 
grow, the roots enter the water. Then necessary chemicals are 
added as fertilizing units supplying the elements, each in proper 
form and concentration for the use of plants. The chemically 
treated water is kept at the proper temperature by the electric 
heating cable, controlled by thermostats. 

Dr. Gericke is continuing his experimental work in growing 
tobacco, cucumbers, papaya, and floral crops in chemically 
treated waters. 

General Electric engineers, called in when Dr. Gericke needed a 
controllable heat source, supplied heating cable for the doctor’s 
work and also for commercial installations under his super- 
vision which have sprung up in California as a result of the new 
method of controlled crop production. 


Pontex 


A new product under the trade name of ‘‘Pontex,”’ from a latex- 
saturated paper base, designed primarily for use in the manu- 
facture of shoes, and which has been found suitable for use in 
other industries, is announced by the Fabrikoid Division of E. I. du 
Pont de Nemours & Company. : 

After being given thorough practical tests as innersoles, mid- 
soles, and sock lining by shoe manufacturers who have adopted 
it for regular use, reports of its performance satisfy the rigid 
standards set up by these makers for their shoes. 

The manufacture of Pontex begins with the regular processes of 
paper making and goes through those processes to the com- 
pletion of the paper-making operation, the sheet still being in 
wet web form. This web moves continuously to the wet web 
latex saturator, a part of the same machine. Here latex, steril- 
ized with ammonia just as it is shipped from Sumatra, is flowed 
onto the wet sheet which readily absorbs it. 

Then squeeze-rolls take off the excess latex and by pres- 
sure drive the globules down into the water-separated fibers, 
coating the surface and filling the interior uniformly with the 
latex. And in order to obtain a material of required thickness 
a machine plies it eight-fold, making it an inseparable unit. 
From the time the fibers begin to form paper until the finished 
latex-saturated sheet is cut from the machine and stacked, the 
operation is conducted without halt or break. 


Manuscript Prize Offered 


A cash award of $1000.00 is offered by The Williams & Wilkins 
Company for the best manuscript on a science subject, presented 
before July 1, 1937. 

Literary prizes are relatively common, but it is not so usual 
for a publisher to be bidding for science material in this manner. 

The publishers put no limitations on the subject matter or 
manner of handling, and none on eligibility for the award. The 
manuscript must be in English and “of a sort calculated to 
appeal to the taste of the public at large.’”’ The desired length 
is given as 100,000 words. 

While any manuscript on a science subject will be considered, 


it is expected that the author will prove to be a man or woman 
engaged in a scientific pursuit and who is possessed of the 
requisite literary skill to interpret science for that portion of the 
public which reads books. 

To assure authenticity, the publishers have enlisted the 
services of some 25 or 30 “‘advisers,” these being men of science 
of wide reputation and assured competence. One or more of 
the advisers will pass upon each manuscript from the viewpoint 
of soundness and accuracy. 

The award will lie in the joint discretion of four judges selected 
with a view to their especial qualification in choosing the sort of 
book that will appeal. These are: Dr. Joseph Wheeler, Librarian 
of the Pratt Library in Baltimore, and chairman of the Book 
List Committee of the Association for the Advancement of 
Science; Harry Hansen, reviewer and critic for the New York 
World Telegram and Harpers Magazine; Dr. Lyman Bryson, 
Professor of Education of Teachers College, Columbia, and 
Director of the ‘‘Readability Laboratory”; and David Dietz, 
science editor of the Scripps-Howard newspapers. 

Further details concerning the award may be had by addressing 
the publishers at Mt. Royal and Guilford Avenues, Baltimore, 
Maryland. 


Midget Mercury Lamp Now Available 


Applications of mercury vapor illumination may now enjoy a 
wider scope through the announcement by the Westinghouse 
Lamp Company, Bloomfield, N. J., of a new 85-watt mercury 
vapor lamp, a miniature model of the 400- and 250-watt lamps 
which have been enjoying increasing use throughout the past 
year for the illumination of factory interiors and gasoline stations. 

The light-giving element of the new 85-watt lamp consists of a 
peanut-size bulb of fused quartz, approximately 1!/2” long and 
3/," in diameter, in which the mercury vapor forms an arc when 
subjected to an electrical discharge. Such high temperatures 
are developed by this arc that the small quartz bulb is surrounded 
by a larger T-10 tubular bulb of glass which serves as an in- 
sulator to retain the heat necessary to high efficiency. The 
outer bulb also protects the supporting structure of the arc tube 
against possible damage. Like other high intensity mercury 
vapor arcs, this lamp produces its maximum light output after 
some 3 or 4 minutes, the short period required for the complete 
vaporization of the mercury. 

The new lamp must be operated in conjunction with a trans- 
former of sufficient voltage to start the lamp initially and to 
regulate the flow of current at its proper value. Two lamps 
have been designed, one for burning base up and one for burning 
in horizontal position. Burning position must be specified on 
orders for the 85-watt lamp. Light center length is 3”; overall 
length is 55/3”; and the base is medium screw. 


Trade Literature 


TRENT ELectric MELTING Pots AND OTHER ELECTRICALLY 
HEATED INDUSTRIAL EQUIPMENT. Leaflet TD-11 of Harold E. 
Trent Company, 618-40 54th St., Philadelphia. 4 pp., 19.5 X 
27.5 cm., illustrated. 

TAG PyYROMETERS. 
Mfg. Co., Park & Nostrand Aves., Brooklyn, New York. 
21.5 X 28 cm., illustrated. 

GALVANOMETERS AND DYNAMOMETERS. Catalog ED-1936 
of Leeds & Northrup Company, Philadelphia. 40 pp., 19.5 X 27 
cm., illustrated. 

MICROMAX THERMOCOUPLE PYROMETERS. Catalog N-33A- 
1936 of Leeds & Northrup Company, Philadelphia. 52 pp., 
19.5 X 26.5 cm., illustrated. 

New TAG CoLorIMETER STAND AND DAYLIGHT ILLUMINATOR. 
Bulletin No. 1143 of C. J. Tagliabue Mfg. Co., Park & Nostrand 
Aves., Brooklyn, New York. 1 p., 21.5 X 28 cm., illustrated. 


Bulletin No. 1101B of C. J. Tagliabue 
16 pp., 








